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Executive Summary: 
A performance and prescriptive based analysis was performed on the Orfalea College of  
Business Building (#3) on Cal Poly’s Campus. The building was originally designed to meet the 
1985 Uniform Building Code (UBC). The building’s original design and current existing condition 
will be examined. 
The business building will be evaluated using the California Building Code, California Fire Code, 
NFPA 101 Life Safety code and other relevant NFPA Codes. The fire protection systems will be 
separated and evaluated into systems by Egress Components, Fire Alarm and Detection, Water-
Based Suppression and Structural Fire Protection. The combined interactions of the systems are 
evaluated in the performance analysis.  
The required safe egress time (RSET) and available safe egress time (ASET) are evaluated to 
determine if the fire safety goals are met. For this report the fire safety goal “To minimize fire-
related injuries and prevent undue loss of life” is the primary focus (NFPA 101, 2012).  
Fire Dynamics Simulator (FDS) and Pathfinder were utilized to evaluate the performance of the 
building under fire scenarios.  Using the fire safety goals and objectives, a set of performance 
criteria are established in order to determine if the ASET and margin of safety is sufficient. 
Prioritized recommendations and further research that needs to be under taken are discussed.  
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Project Scope 
The prescriptive based analysis and performance based approach will be used to evaluate if the 
building meets the predetermined fire safety goals. The analysis will evaluate both the 
building’s design and current situation. 
The project constraints are that this is an existing building that Cal Poly relies on for academic 
and administrative uses, where any down time would be detrimental. The cost to Cal Poly 
needs to be evaluated; the financial hardship versus the benefit needs to be presented to the 
stake holders. 
The performance-based analysis of this building may require an Authority Having Jurisdiction 
(AHJ) approval. The AHJ may also require a third party reviewer. The third party reviewer needs 
to be included in the fire scenario selection and design.  
The overall evaluation is limited by the resources and time available. Results will include 
justified recommendations. 
Fire Scenario Selection 
The performance-based analysis requires the use of prescribing a fire scenario. The fire scenario 
may need to be approved by a third party reviewer appointed by the AHJ. This report utilizes 
the NFPA 101 Life Safety Code (NFPA 101, 2012)  and SFPE Engineering Guide to Performance- 
Based Fire Protection (SFPE Task Group on PB Analysis and Design, 2007)to facilitate fire 
scenario selection.  
Uncertainty 
There are several factors that produce uncertainties. Listed below are examples of common 
sources the FPE, designers and stakeholders need to take these into account. The priorities and 
goals to limit, exclude or take into account must be established.   
 Science and engineering being used 
 Human behaviors during fires 
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 Risk perceptions, attitudes and values 
 Physical parameters 
 Appropriateness for a particular tool 
 The age and health of occupants exposed to fire 
 Individual and societal attitudes and values 
Site Requirements 
The design relies on fire department response to suppress a fire. This means that the fire 
department’s access to this site is critical. The building must follow the requirements detailed in 
the California Fire Code (CBSC, ICC, 2010)and NFPA 1 Fire Code (NFPA 1, 2012) . 
The design should include fire department access, suppression, separation distances, and 
building security. Including fire department access in design requirements improves the 
buildings ability to rely on manual containment and suppression 
 Fire department access  
o This building provides access to various features such as fire department 
connections (FDCs), hose valves, elevators and stairs, annunciators, FACP 
o The actual frontage area to a roadway is limited. It is assumed that the Fire 
Apparatus will achieve access via the walkway. 
o Comply with local authorities having jurisdiction (AHJ) to accommodate the 
access of fire apparatus into and around the building site and to coordinate 
access control point layout. 
 Fire hydrants 
o Locations are within required distances 
 Separation Distances 
o Proper spacing and exposure protection helps insure containment of the fire 
o Maintenance and vegetation reduction 
 Coordinate with security measures 
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o Current Status: Restricted access to a person with proper authority is required to 
access the building. Limited access to a computer lab for students on the third 
floor. No access after hours without permission 
o There is restricted access to the third floor from a security door that only allows 
egress, this may restrict fire department access 
Stakeholders 
The stakeholders who are responsible for or are influenced by the building’s condition and 
changes to the building include: 
 Building Owner: California State Polytechnic University Facilities Planning & Capital 
Projects 
 Regulators: AHJ’s Fire official and building official 
 Accreditation agencies 
 Construction Team: Since this is an existing building the construction team can be 
disregarded, unless the construction team is to perform a retro fit that is required. 
 Tenants and visitors: The building is occupied by administrative offices, as well as, 
offices for faculty members; there are also computer labs and classrooms that are 
occupied by students. Occupants include: Cal Poly employees, faculty members, 
students and visitors. 
 Building Operations and Maintenance: This building receives maintenance from Cal 
Poly’s Facilities Department. The Facilities Department is responsible for taking control 
of the building once construction is complete and the building is commissioned for use.  
 Emergency responders are those who may need to operate the buildings systems in 
case of an emergency. The responders include: the fire department, the police 
department and others. 
 Peer reviewers may be required. 
 Risk Managers and Insurance Underwriters are used to guard against catastrophe and 
insure against allowable risk.  
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Historical Relevance 
Past fire tragedies are mentioned in this report to emphasize the significance of risk of fires in 
similar or relevant scenarios. Examining factors that lead to past fire events can be invaluable in 
preventing future ones. 
The Our Lady of the Angels School started during occupancy of the building on December 1, 
1958, at the foot of a stairway in the Our Lady of the Angels School in Chicago, Illinois. A total of 
92 students and three nuns lost their lives and 100 more were injured when smoke, heat, and 
fire cut off their normal means of escape through corridors and stairways. Ignition took place in 
a cardboard trash barrel at the foot of the northeast stairwell. The fire smoldered undetected 
for an estimated 10 to 30 minutes.  
The stairwell landing on the second floor had no blocking fire door. As a result, there was no 
barrier to prevent the spread of fire, smoke, and heat through the second floor hallways. The 
second floor had two substandard corridor doors with glass panes propped open at the time of 
the fire. This caused further drafts of air and an additional oxygen supply to feed the flames. 
Two other doors were chained open when they should have been closed; these doors were at 
the first and second floor levels leading into the annex. The upper door was quickly closed, but 
the lower one remained open throughout the fire. (Our Lady of the Angels (OLA) School Fire, 
December 1, 1958). 
The lessons learned from this fire are to restrict combustibles in exit corridors, provide proper 
fire barriers and to regulate fire doors so that they function.  The fire also provides evidence 
that early detection is significant in preventing the loss of life.  
The Winecoff Hotel fire of December 7, 1946 is the deadliest hotel fire in United States history, 
killing 119 hotel occupants (Goodwin, 2006).The hotel is located in downtown Atlanta, Georgia.  
The fire's point of origin was on the third floor west hallway, where a mattress and chair had 
been temporarily placed in the corridor, close to the stairway to the fourth floor. The fire was 
first noticed about 3:15 AM by a bellboy who had gone to the fifth floor to help a guest, 
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becoming trapped there. However, the first (and only) call to the fire department was made at 
3:42 AM by the night manager. The night manager was reported to have attempted to warn 
guests by telephone of the fire. The building fire alarm was not sounded, although by that time 
no escape was possible from the upper floors in any case (Goodwin, 2006). 
Significance in this fire was delayed detection, restricted means of egress and combustibles in 
the corridors.  
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Building Description: 
Overview 
The Orfalea College of Business Building is located at the west end of the campus.  The nearest 
main road is California Road and can be seen in figure 1. The building was approved in 1989 and 
construction was completed in 1992. The useable floor area was increased by 73,738 ft2 and a 
total floor area of 18,730 ft2. The final cost was $13.5 Million. The nearest Fire Department is 
located on Santa Rosa Street and is approximately 1.5 miles away.  The frontage to the actual 
street is very limited; the access road is College road and is on the south side of the building. 
 
Figure 1: Ariel View of the Cal Poly Campus ( Google, Inc., 2007) 
The site exists on a slope adjacent to an existing building called the Education Building (#2). The 
two levels of the Education Building connect to the second and third levels of the Business 
Building. The building utilizes an open air design with a court yard in between the two buildings, 
three out of four interconnecting open walkways and an open stairway on the second floor.  
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Figure 2: Aerial View of the Business Building ( Google, Inc., 2007) 
The building consists of four stories, each at an average of 10 feet in height and is 12 feet floor 
to floor. The total height of the building is 64 feet from the front. In Figure 2, the business 
building consists of: the quarter circle, the “leg” attached to its top, and the circle above. The 
building in the top right corner is the Education Building. The circle is a lecture hall known as 
the “Silo.”  
Initial installation included a Simplex Fire Alarm. Later, to establish a single and uniform system 
throughout the Cal Poly Campus, a Notifier Alarm System was installed. The fire alarm and 
detection system was not designed to provide complete coverage throughout the building. The 
selective coverage for detection included hallways and mechanical rooms. The building was 
designed and constructed without fire sprinklers.  
The construction materials are structural steel and concrete blocks. The Business Building is 
constructed to meet a fire rating of two hours for the structural frame, shaft enclosures, and 
floors. The roof is rated at one hour. These ratings meet the TYPE II Fire Resistant rating under 
the 1985 Uniform Building Code according to the as-builts (Kaplan, Mclaughlin, Diaz, 1989). The 
California Building Code (CBSC, ICC, 2010)recognizes the building as a Type IIA because the 
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openings are non-rated, the exterior bearing load walls are only 1 hour fire resistive and the 
building is unsprinklered.  
Under NFPA 101 Life Safety Code, the occupancy classification is Existing Business Occupancies 
in Chapter 39 (NFPA 101, 2012). 
 
 
Figure 3: Front View of Business Building 
 
Figure 4: View outside Business Silo 
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Figure 5: View inside Business Silo 
Pictured above is the Business Silo.  It is primarily used for large lectures, as well as, guest 
speakers and club meetings.  
Egress: 
Occupancy: 
Under UBC occupancy types are: lecture halls (A-3), Business (B-2) and with minor assembly (A-
3). The color-coded floor plans in Figures 6-9 show the different uses of the building. The main 
uses are: classrooms, computer rooms, teacher/faculty offices, administrative uses and a few 
storage/machine rooms. The bottom two stories consist mainly of classrooms and the other 
half is offices. The fourth floor is mainly offices. The attached color-coded plan also shows the 
specific room uses.  
Under NFPA 101 Life Safety Code 2012 the occupancy classification is Business, Assembly and 
Storage. See descriptions below.  
This building relies heavily on providing safe egress to all the occupants. In this aspect the 
building has been designed with egress capacity exceeding occupancy load. There are several 
means of egress, limited dead-ends and more than sufficient exiting capacity. The building also 
utilizes horizontal exits in addition to vertical exits. The fire resistance of the escape routes is 
more than sufficient and meets the requirements for a protected means of egress. The 
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performance-based analysis of this would determine the RSET value and the tenability time of 
the building. 
Table 1: Occupancy under Life Safety Code 2012 
 Occupancy Area (ft^2) 
Floor  Business Assembly Storage Mechanical Exit 
Corridor/Exit 
Stair 
Restrooms Elevator 
& 
Lobby 
1 2956 6597 214 2097 184 434 275 
2 1400 9167 20 251 2125 458 275 
3 9398 6213 117 699 3377 439 259 
4 8722 0 359 361 3322 341 169 
Silo  2,616  903    
 
Table 2: Occupant Load and Exit Capacity 
Floor Occupant Load (persons) Exit Capacity(persons) 
1 377 - 
2 504 680 
3 447 510 
4 140 480 
Silo 240 360 
 
The First Floor: The bottom levels consist only of the quarter circle and the mechanical rooms of 
the Silo. The bottom levels are built into a slope, creating natural stadium seating. The bottom 
level exits at ground level and all of the rooms discharge into the courtyard or public way. The 
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occupant load for the floor is 337 persons under the LSC and CBC and the exit capacity is 
sufficient. All rooms have required number and arrangement of exits (NFPA 101, 2012). Figure 6 
shows a floor plan of the first floor.  
 
 
Figure 6: Egress First Floor 
The second story is shown in Figure 7. The floor has two enclosed stairways, as well as, an open 
stairway and horizontal exit.  The occupant load for the floor is 560 persons and has an exit 
capacity of 680 persons. The horizontal exit is located on the north end of the corridor and the 
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occupants can either continue onto the open walkway or take the stairway enclosure. The exit 
on the south end is only an exit enclosure with a stairway. The doors open in the wrong 
direction and the area is too small to meet the occupant load.  
 The Silo has two exits. The top exits onto the second floor and the bottom exits onto the first 
floor. The exit capacity is 360 persons and the occupancy load is 240 persons.   
 
 
Figure 7: Second Floor Egress 
The third floor is shown in Figure 8. The top two levels expand onto the leg of the building.  The 
third floor has classrooms, computer labs and office space.  The exit at the end of the corridor 
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on the north side is a horizontal exit into an exit vestibule. The exit vestibule continues into the 
Education Building and contains the discharge from the stairway initiating on the fourth floor. 
Similar to the second floor, there are two enclosed stairways.  The occupant load is 470 persons 
and has an exit capacity of 510 persons.  
 
Figure 8: Third Floor Egress  
The fourth floor is shown in Figure 9. This floor has three enclosed stairways. Two of them 
discharge onto ground level and the other one onto the third floor into the exit vestibule. The 
occupant load for the floor is 165 persons and has an exit capacity of 480 persons.  
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Figure 9: Fourth Floor Egress 
Egress Capacity 
The following analysis calculates the egress capacity of the building based on the Life Safety 
Code (NFPA 101, 2012). Appendix A contains plans with occupant loads based on rooms, the 
plan also includes LSC and UBC occupancy loads.  
Exit Capacities for each space: 
The room with the largest occupant load with only one exit is 47 persons. 
The door width is: 38” 
From LSC door capacity factor= 0.2 inch/person 
Doorway capacity = door width/ capacity factor 
Doorway capacity = 38”/ 0.2 = 190 persons 
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 The exit capacity for the room is 190 persons which is more than adequate 
The largest occupant load is 240 persons in the Silo, which is equipped with double 
opening doors and two exits. 
The door width is: 72” 
From LSC door capacity factor= 0.2 inch/person 
Doorway capacity = door width/ capacity factor 
Doorway capacity = 72”/ 0.2 = 360 persons 
 The exit capacity for the room is 360 persons, which is more than adequate 
Exit Capacities for each floor: 
 Stair Way width: 48” 
 Hand rails, riser 6”, run 11” 
From LSC door capacity factor= 0.2 inch/person 
Stair capacity factor = 0.3 inch/person  
Doorway capacity = door width/ capacity factor 
Doorway capacity = 38”/ 0.2 = 190 persons 
Stairway capacity = width/ capacity factor 
Stairway capacity = 48” / 0.3 = 160 persons 
  For stairs greater than 44” Stairway capacity= 146.7 + (48-44)/0.218 = 165 persons 
Exit Corridor Capacity: 
The width of the corridor serving the classrooms is 72 inches.  
The exit capacity for the corridor is 72”/0.2 inches/person = 360 persons 
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The corridor serving the horizontal exit and vestibule on the third floor is 38” and has a 
capacity of 190 persons. 
All occupant loads for the buildings are exceeded by the egress capacity.  
Exit Arrangement 
Travel Distances:  
Table 3: Acceptable limits of common path, dead-ends and travel distances under the Life 
Safety Code 
 Travel distances(feet) 
 Common Path limits Dead-End Limits Travel Distance Limits 
Type of 
Occupancy Unsprinklered Sprinklered Unsprinklered Sprinklered Unsprinklered Sprinklered 
Assembly   
New 20/75 20/75 20 20 200 250 
Existing 20/75 20/75 20 20 200 250 
Business   
New 75 100 20 50 200 300 
Exiting 75 100 50 50 200 300 
 
The Business building includes both occupancies so the travel distances were analyzed based on 
origin of room occupancy. 
Only the greatest distances are analyzed below. The floor plan in appendix A depicts travel 
distances of most remote points throughout the building. 
For common path limits: 
 On floor three, there are two rooms that exceed the allowable common path of travel 
for an existing unsprinklered room with occupancy greater than 50. The common path 
distances are 35 feet and the allowable is only 20 feet.   
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For Dead-End Limits: 
 On floor two and three there are dead-end corridors that are equal to the limit for an 
existing building, but not for a new building. The dead-end is 50’ and a door is provided 
to prevent the dead-end from exceeding the limit. 
For Travel Distance Limits: 
 The longest travel distance from an assembly occupancy is 99 feet, which is well below 
the 200 feet maximum 
 The longest travel distance for a business occupancy is 133 feet on the fourth floor, 
which is also below the maximum 
Number of Exits per space 
Based on the LSC, the number of exits for less than 50 occupants is allowed to have only one 
exit. When the occupancy is above 50 and below 500, the space must have at least two exits. 
When there is more than 500 occupants and less than 1000, there must be at least 3 exits.  The 
Business building meets or exceeds these requirements (NFPA 101, 2012). 
Number of Exits per floor 
The top floor has 140 persons with three exits. The third floor has an occupant load of 447 
persons with five exits and the second floor had the highest occupant load with 504 persons 
and five means of egress.  The LSC 7.4 Number of Means of Egress requires three exits for over 
500 persons and four exits for occupant loads over 1000 (NFPA 101, 2012).  The number of exits 
is adequate for each floor. 
Arrangement of Exits  
LSC 7.5.1.3.1 Exit Remoteness requires that the exits are remote to decrease the probability 
that both exits will be incapacitated (NFPA 101, 2012).The longest diagonal is 280 feet and the 
exits must be at least half of that distance in separation.  First floor separation is not required 
because all of the rooms have more than one exit or exit directly to the public right of way. The 
second floor has three exits spaced 275 feet away and 100 feet away. The third floor has three 
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exits with separations of 175 feet and 180 feet. On the fourth floor the separation is the same 
as the third. All of the floors meet appropriate arrangement of exits. The exits either exceed the 
requirements or are at the furthest point possible.  
Horizontal Exits 
Horizontal exits increase the exit capacity of this building. They also help provide for alternative 
means of egress. The horizontal exits also provide quick means of escape for occupants with 
disabilities. 
Location 
There are two horizontal exits in the building; one on the second and one on the third floor. 
Figures 7 and 8 have the floor plans that show the location of these exits. 
The south ends of the third and second floor have exit configurations that appear to be 
horizontal exits. They are too small and have doors that open in the wrong direction. The other 
exits meet the requirements in LSC 7.2.4.11 Horizontal Exits and LSC 7.2.4.3 Horizontal Exit Fire 
Barriers (NFPA 101, 2012). 
Illumination of Means of Egress 
This requirement insures that occupants will be able to find the means of escape if there is 
smoke penetration, confusion, panic or a power outage. The building mainly relies on natural 
lighting for the exit stairs; however, there is lighting in the stairways. 
Emergency Lighting 
If a power outage occurs during an emergency, there is still efficient light to allow for safe 
egress.  The exit signs must also be clearly marked so that during an emergency an exit can be 
easily determined. The system must meet the requirements of LSC 7.9.1.1 Emergency Lighting 
(NFPA 101, 2012).  
Exit Signs 
The building has areas of non-compliance regarding location of exit signs that will be discussed 
later. The building must meet LSC 7.10.1.2.1 Exits other than main exterior exit doors that are 
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obviously and clearly identifiable as exits, shall be marked by approved signage that is readily 
visible from any direction of exit access, LSC 7.10.1.5.1 Access to exits shall be marked with 
approved, readily visible signs in all cases where the exit or way to reach the exit is not readily 
apparent to occupants, LSC 7.10.1.7 Floor Proximity Egress Path Marking. An approved floor 
proximity egress path marking system that is internally illuminated shall be installed within 18 
inches of the floor, and LSC Section 10.7 Additional requirements regarding exit signage 
Interior Finish 
This requirement is part of managing the fire risk by reducing the fire impact. By reducing 
ignition sources and the flame spread rate you decrease the fire risk.  By reducing the flame 
spread the available safe egress time can be increased. The business building is currently 
unsprinklered so a one class lowering in finishing is not permitted.  There can be a large issue 
with education buildings similar with these that include: occupant postings, trashcans and 
furniture (Piper, 2006).  
The building must comply with LSC 7.1.4 Interior Wall and Ceiling Finish, LSC 7.1.4.1 Exit 
Enclosures, interior wall and ceiling finish materials shall be Class A or Class B. New interior 
floor finish in exit enclosures, including stairs shall be not less than class II. 
LSC 10.3 regulates decorations and furnishings, which include draperies, curtains, and other 
loose hanging furnishings, upholstered furniture, mattresses and other foam products. 
Flammability of finishes and furnishings is important to life safety because it directly affects the 
rate of hazard development.  If the rate of hazard development is decreased, the ASET is 
increased (SFPE Task Group on PB Analysis and Design, 2007) . 
Existing Business and Assembly occupancies with less than 300 persons require: exits with Class 
A, exit access corridors with Class A or B, and other spaces with Class A, B, or C rated 
furnishings. 
From inspection there are concerns that these requirements in LSC 10.3 Contents and 
Furnishings are not met within the current status of the building and will be discussed later.  
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Figure 10: Corridor 
Fire Alarm and Detection 
The design did not incorporate complete coverage; most of the building relies on detection 
through the HVAC system using 5 duct smoke detectors and heat detection at the end of 
corridors. The corridor on the top floor and the exits are monitored by heat detectors; in 
addition, the rooms with higher risk such as mechanical rooms are monitored as well by using 
heat detectors. Summary is in Table 4 and appendix A has floor plans with exiting system.  
The fire alarm reports to Cal Poly’s Dispatcher, which is classified as a Proprietary Supervisory 
Station Alarm System. The newer Notifier system utilizes the Simplex cabinets and some of the 
Simplex appliances. 
The system is assumed to not currently be an analog system. Also, since the fire hoses have 
been removed and the riser is “dry pipe”, the flow switches are unnecessary to the fire alarm 
system. 
The current status of the fire detection system is: 
 Relies on duct detectors (5) for entire structure 
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 Large assembly area relies solely on duct detectors 
 Rooms that are separated by partitions are without detectors 
 Offices are located on top floor, where egress may be obstructed by a fire 
 No automatic fire suppression 
 Detection in corridors exceed recommended spacing NFPA 72 (NFPA 72, 2010). 
The current status of the system is discussed in the prescriptive requirements, as well as, 
Appendix B.  A performance based analysis would determine if the current status is sufficient. 
An analysis should also compare the results of an upgraded system. An upgraded system would 
improve the following: detection time, notification time, egress, and an analog system would 
help firefighters control the fire. 
The current system does not incorporate a complete coverage design. Appendix D contains 
recommendations and requirements for complete building coverage.  
According to NFPA 72 17.7.5.2.1 detectors that are installed in the duct system in accordance 
with NFPA 72 17.7.5.1 shall not be used as a substitute for open area protection .  Based on 
this, the building’s fire alarm system does not meet current codes. This method may or may not 
have been acceptable at the time of construction.   The reason why duct detectors were 
deemed unusable is that you cannot rely on their detection when the buildings air system is not 
running.  Also, an advantage of not relying on a duct detector is that detectors throughout the 
open area could inform the occupants and the suppression team where the fire is located.  
Table 4: Detectors  
Locations  Name Type Manufacturer Specifics Number 
In Hallways FSP-851 
Intelligent Plug-In 
Photoelectric 
Notifier 
Obscuration and Fixed 
Temperature 135F(57C)  
16 
In FACP, storage 
and mechanical 
rooms 
5251P  
Fixed Temperature 
Thermal detector 
System 
Sensor 
Activation Temp of 135 F 
(57C) also ROR of 15F(9.4C) 
per min 
4 
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In circular 
reception area on 
3rd floor 
5451 
Fixed Temperature 
Thermal detector 
Notifier 
Activation Temp of 135 F 
(57C) also ROR of 15F(9.4C) 
per min 
1 
Duct Detector 
4098-
9755 
Photoelectric 
Sensor 
Simplex 
0.2% - 3.7% per foot of 
obscuration 
5 
Table 5: Fire Alarm Appliances 
Name Manufacturer Model  Location Number 
Annunciator Notifier FDU-80 Outside in hallway by FACP 1 
FACP Notifier NFS2-640 1st floor in South west side of building 1 
Pull Station Simplex 
4099-
9001 Throughout building at exits 16 
Fire Alarm Horn 
and strobe GENTEX GEC3 
At exits and at required locations 
throughout building 28 
Electro Magnetic 
Door Holder Simplex 2088 
At doors required for smoke control or 
suggested egress routes 17 
Fire Dampers unknown   
Throughout HVAC system to control 
smoke spread 
31 
 
Tamper Switch unknown  First Floor room 117 1 
Relay unknown  
By Duct Detectors rooms: 110, 
118,119B, 304, 312B, 429 7 
FAJB unknown  rooms: 109, 117A,212A, 312A 4 
Flow Switch unknown  First Floor room: 117 1 
Control Module unknown  Loss of power(117), Pump on(117) 2 
Determine if Visual requirements are met: 
Current visual devices use a candela rating of 75. This rating has the ability to cover a 45’ by 45’ 
room. In order to meet requirements every room requires at least one strobe device that is 
designed to cover the entire open space.  
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Several rooms do not meet these requirements. Recommendations and design requirements 
for a complete coverage system are located in Appendix D. 
Table 6: Visual Devices 
 Visual Devices 
 Old 
Floor 75 cd Strobe 
1 5 
2 4 
3 8 
4 9 
silo 2 
Determine if Audible Requirements are met:   
Currently the horn used for the Fire Alarm notification system has a dBA rating of 82 at 10 feet. 
An Analysis was performed using the SFPE handbook and NFPA code requirements. The code 
requires a 15 dBA above ambient and an educational occupancies has an ambient level of 45 
dBA. This means that from every location there should be a sound level of 60 dBA (NFPA 72, 
2010). 
The farthest location from a horn is at 30 feet, which without partitions the code is satisfied 
with a measurement of 73 dBA (70 at 40 feet). However, since office doors can be closed a 
reduction of 17 dBA needs to be taken into account. This lowers the sound level to 56, which is 
below the recommended level.  
There are two options. One is to install multi-use notification devices and the second is to 
justify that it will still be above ambient and there will be a visual notification in the space.   
A new layout has been designed and in the spaces that do not meet the sound level multi-use 
notification devices were installed.  Recommendations and design requirements for a complete 
coverage system is located in Appendix D. 
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Table 7: Audible Devices 
 
Audible 
Devices 
Floor Old 
1 5 
2 4 
3 8 
4 9 
silo 2 
Water-Based Suppression:  
The original design and construction of the building did not require automatic fire sprinklers, 
unlike current standards. The building was designed to have three dry standpipes located in the 
stairwells in the building. There is also a wet pipe system that connects the fire hoses inside the 
cabinets. Relying on responders or occupants to utilize the suppression is no longer used or 
recommended.  
A good assumption is a response time by the fire department to be fifteen minutes after the 
smoke detectors initiate. The nearest fire station is located just over a mile from campus. The 
15 minutes was used based on the accessibility of the building and that all fire hoses have been 
removed. 
Dry standpipes are installed into the stairs that connect to all four levels with FHC at each level.  
Also, the design fire hose cabinets were originally installed at strategic locations to allow for 
manual fire suppression.  These have since been removed due to unreliability of aging hose and 
have been replaced with fire extinguishers.  This was approved by the state fire marshal. All fire 
extinguishers shall comply with NFPA 10 for manual fire suppression. 
The dry pipe system is sealed and does not currently have pressure to prevent foreign particles 
entering the system. The system requires either the fire department to charge the system 
through the fire department connections or through a valve in room 117 on the first floor. 
FPE Cumulating 
Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
25 
 
Original water pressure was unacceptable, so a water pump was installed. When the campus 
received a new connection, the pressure was high enough to remove the booster pump. 
However, the relay box is still in the system and has permanent resistors to replace the pump.  
Water source for the building is located on the floor plans in Appendix A.  The source is on the 
first floor and at the southeast end of the building. The source of water for the fire suppression 
system is in room 117 on the first floor where the fire pump used to be located. 
Fire Hose cabinets contain a 1 ½” hook-up 
Fire risers have a 2 ½ “hook-up 
Please see floor plans in Appendix A and E for Riser locations, fire hose cabinets, water supply 
source and Fire Department hook-ups. Also included in Appendix B are photographs and details 
from the original floor plans that relate to the fire suppression system. 
Below are photographs of the building’s current water-based fire suppression system 
 
Figure 11: Riser with Switches 
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Figure 12: Tamper on Fire Water Riser 
 
Figure 13: Top of Riser, Dry pipe 
 
Figure 14: Old fire hose Cabinet 
FPE Cumulating 
Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
27 
 
Using Engineering IV on-campus as a reference, a design of a retrofit of the sprinkler system 
and design information is included in Appendix E. 
Structural Fire Protection 
Original design requirements under the UBC 1985 CA Title 24, the construction type is II Fire 
Resistant. The structural frame, shaft enclosures, and floors are designed to meet two hour fire 
resistive ratings (UBC 1985, 1985)The exterior non-bearing walls are non-combustible and are 
allowed non-rated opening protection. The interior walls use GWB or concrete for fire 
resistance and where required are acoustic isolation double stud walls.  
 
Figure 15: Construction View 
The classification of this building under the CBC 2010 is Type II A. Type II means that the 
materials are non-combustible. The majority of the occupancy is B CBC 304.1. The bottom floor 
and the Silo has lecture halls and are classified as type A-3 occupancy (CBSC, ICC, 2010).Not a 
Type IB due to not having high enough fire resistance on the exterior lad bearing walls, 
operable non-rated windows and no automatic fire sprinkler systems. 
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Compared to the other parts of the building, the structural fire protection meets code 
regulation required by CBC 2010 (CBSC, ICC, 2010). A summary of the comparison can be seen 
in Table 10.   
Table 8: Summary of Code Requirements 
Element 
CBC 2010 
Requirements 
Construction 
status 
Primary Structural frame 1 2 
Bearing walls Exterior  1 1 
Bearing Walls Interior 1 N/A 
Non-bearing walls and partitions 
interior 0 0 
Non-bearing walls and partitions 
exterior with separation 0 0 
Non-bearing walls and partitions 
exterior with  no separation 1 2 
Floor and secondary 1 2 
Roof and construction 1 1 
Shaft 2 2 
Corridor 1 1 
 
More requirements and analysis can be referenced in Appendix F. 
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Table 9: Building Area 
Floor Area (ft^2) 
First 29,308* 
Second 16,730 
Third 22,700 
Fourth 13,000 
Total= 81,730 
*Includes Silo 
The next two Figures (Figures 17 and 18) demonstrate the fire resistance throughout the 
building. A complete set of the floor plans are in Appendix A. The corridors are protected 
means of egress and have a 1-hour fire resistance rating. The exit enclosures and exit vestibule 
have separations of 2-hour fire resistance.  
Table 10: Fire Resistance Key 
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Figure 16: Fire Resistance for the Fourth Floor 
 
Figure 17: Third Floor Fire Resistance 
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The building meets the following requirements: 
 Table 508.4 Required Separation of Occupancies: For occupancy A to occupancy B with a 
non-Sprinklered building the requirement is 2-hour fire resistant separation. 
 Table 602 Fire-resistant rating for exterior walls based on separation distance: Since the 
separation is greater on most of the sides the separation is 0 hours. Where the building 
connects to the existing building a fire rating of 1 is required. 
 Table 705.8 Maximum area of exterior wall opening based on distance and degree of 
protection: For 10 to 15 feet with unprotected, non-sprinklered the maximum is 15% 
 Table 706.4 Fire Wall fire-resistant ratings: Group A and B require a 2 hour rating with a 
reduction for Type II construction 
 708 Shaft enclosure requirements: Four stories or more requires 2-hour ratings 
 1018 Corridor Requirements: Type A and B occupancy with occupant load greater than 
30 and unsprinklered a rating of 1-hour is required. 
 710 Smoke Barriers: 1-hour rating 
 714 Fire-resistant joint systems: Joints installed in or between fire-resistance-rated 
walls, floor or floor/ceiling assemblies and roofs or roof/ceiling assemblies shall be 
protected by an approved fire-resistant joint system designed to resist the passage of 
fire for a time period not less than the required fire-resistance rating of the wall, floor or 
roof in or between which it is installed. 
 716 Ducts and air transfer openings: With penetration though a wall 3-hour or less 
rating the damper rating must be 1.5 hours or greater 
The building design intent uses structural and passive protection to manage fire risk by 
preventing fire and smoke spread through several methods. The methods include: fire and 
smoke barriers, fire resistant walls, fire resistant materials, regulation of furnishings and by 
controlling flame spread. If a fire does occur, structural stability is required to protect 
firefighters and to ensure that occupants can escape. The performance analysis would evaluate 
if the fire barriers are sufficient, the openings are protected and fire and smoke containment.  
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Smoke Management 
Smoke Control 
Methods to designing smoke control are: material control by limiting materials that produce 
large quantities of toxic smoke, containment by containing smoke to area of origin through 
smoke control doors or smoke dampers, extraction by natural or mechanical means, 
pressurization differentials created to direct smoke movements, high pressure areas to areas of 
low pressure, and suppression by reduction of the fire size that results in reduced smoke 
production. The building does utilize 31 smoke dampers that are activated by fusible links. Also, 
fire and smoke barriers are an integral part of the fire protection system.  
Code Compliance 
NFPA 105 Standard for Installation of Smoke Door Assemblies and other Openings Protective 
2010. 
There are no atriums in the building, requirements are in CBC 404.5 
Building does not exceed 75 feet above lowest level of fire department access CBC 403.1 or 
below ground structure. Does not require exit enclosures CBC 1022 (CBSC, ICC, 2010). 
Inspection, Testing and Maintenance 
Inspection, testing and maintenance are essential parts of the building’s operations. These must 
be performed in order to ensure that the building continues to meet all of the performance 
goals through the lifetime of the building. 
Inspection and testing must be performed by qualified personnel usually requiring approval 
from the AHJ. General fire precautions shall be inspected at regular intervals.  This includes: all 
inspections and tests, exit maintenance, hazards to firefighters, interior furnishing inspections 
and fire protection system inspections. 
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All electrical systems including: light fixtures, detection and alarm fixtures, and all other 
electrical systems must be installed and maintained to the national electrical code. All plumbing 
features must comply to all relevant building codes and standards.  
For continued operations, it is recommended that those in charge of the building continuously 
meet and that an operational guide is developed. All records of the building must be kept 
current. Records shall include: performed inspections and tests, any maintenance that was 
required, and any changes to the building. 
If changes are made to the building, the effects of the changes on the building must be 
evaluated. If the changes are significant enough, the building requires an FPE to perform a new 
evaluation of the building’s performance. 
Summary of Prescriptive Measures 
This building has several fire protection features that have been implemented. The design 
intent focused mainly on egress of the occupants and passive fire protection. This means there 
needs to be a large enough ASET with an acceptable safety margin. One of the initial design 
intents or limitations may have been cost, so the building was supplied with an Automatic 
Sprinkler System. This reduces cost, but increases the risk to the building.  
Figure 18 is the decision tree that was used to design this building, as well as the evaluation. 
This particular tree shows the Prevent Ignition Branch. When the building’s goals are 
determined, fire safety can be managed by prevention of fire ignition and/or by controlling the 
effects of fire. The prevention was relied heavier upon for this building since there are no 
Automatic Fire Suppression systems, just containment. 
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Figure 18: Fire Protection Decision Tree 
Potential Hazardous and Non-Conforming Conditions 
Inspections of the building were performed on November 15th 2011 and on January 20th 2012. 
This section discusses the results of those inspections. Potentially hazardous and non-
conforming conditions were discovered and are reported in this section.  
Exit Sign Locations 
On the fourth floor in the exit corridor leading to the offices there is no exit signage. This can be 
seen in Figures 19 and 20.  This condition does not comply to LSC 7.10.1.2.1* Exits, other than 
main exterior exit doors that obviously and clearly are identifiable as exits, shall be marked by 
an approved sign that is readily visible from any direction of exit access or LSC 7.10.2.1* A sign 
complying with 7.10.3 with a directional indicator showing the direction of travel shall be placed 
in every location where the direction of travel to reach the nearest exit is not apparent (NFPA 
101, 2012). 
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Figure 19: Exit Sign Location Fourth Floor North View 
 
Figure 20: Exit Sign Location Fourth Floor South View 
 
FPE Cumulating 
Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
36 
 
 
Figure 21: Floor Plan Exit Sign Location 
Third Floor Horizontal Exit 
The lack of an exit sign also occurs on the third floor in the corridor leading to the exit vestibule 
Figures 22 and 23. The exit vestibule also is not marked with an exit sign or direction. The same 
non-conformance applies from the previous section. This exit must also comply with LSC 
7.10.1.2.2 Horizontal components (NFPA 101, 2012).Another non-conforming condition is the 
fire doors propped open, which will be discussed later.  
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Figure 22: Fire Doors Propped Open Exit Vestibule 
 
Figure 23: View down Corridor without Exit Sign 
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Figure 24: Fire Door Propped Open 
 
Figure 25: Floor Plan Lack of Exit Sign 
Exterior Exposure 
The Education and Business Building are adjacent buildings that also have connecting levels. 
The exterior must meet separation requirements of 10 feet setbacks; this means 20 feet of 
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separation. From Figure 26, it is clear that this area is compromised by a tree. The tree extends 
from the Education Building on the left to the unprotected windows of the Business Building. 
The CBC regulates the percent of openings based on separation in Table 705.8. With 15 to 20 
feet separation, unprotected, and unsprinklered the section allows 25% allowable area 
openings. The building must also meet requirements of the CBC in Table 602: Fire Resistant 
Ratings based on exterior wall separation and 705.5 Fire-resistance ratings (CBSC, ICC, 2010) .  
 
 
Figure 26: Exterior Exposure 
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Passive Fire Protection 
Upon inspection of this building it was apparent that there was widespread compromising of 
the fire barriers through propping open both doors and windows. The doors that are allowed to 
remain open are held open with magnetic door releases that release upon fire detection. The 
doors in Figures 27- 31 are designed to remain closed.  Examples of critical doors that are 
commonly propped open are to the exit enclosures, exit vestibule and to the dead-end limit 
door. The purpose of the doors are to prevent smoke and fire spread throughout the building, 
as well as, ventilation to a fire.  
 
Figure 27: Fire Doors to Corridor Propped Open 
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Figure 28: Fire Door to Dead-End Corridor Propped Open 
 
Figure 29: Fire Door to Exit Enclosure Propped Open 
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Figure 30: Fire Door to Exit Vestibule Propped Open 
 
Figure 31: Fire Door on Fourth Floor Propped Open 
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Smoke Detector Location 
The detection system of this building is under-designed and the smoke detectors are located 
only at ends of the corridors. The smoke detector in this situation is blocked by a set of fire 
doors that can be closed, Figure 34.  From the original plans this door does not exist and it is 
reasonable to speculate that this door was installed for security purposes to restrict access to 
the computer labs on this floor. Unfortunately, this situation also restricts access to the smoke 
detection.  
 
Figure 32: Floor Plan Detector Location 
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Figure 33: Blocked Smoke Detector 
 
Figure 34: Restriction to Smoke Detector 
Combustibles and Obstructions in Exit Corridor 
On the fourth floor there are waste containers stored in the exit corridor. This can be seen in 
Figure 36. The waste containers restrict the egress in the corridor to 39 inches, which is under 
the required 44 inches of clearance. Required in LSC 39.2.3.2 the clear width of any corridor or 
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passageway serving an occupant load of 50 or more shall be not less than 44 in (NFPA 101, 
2012) . 
The waste containers are also classified as combustibles that are not permitted to be stored in 
an exit corridor. Requirements are in LSC 7.1.4 Interior Finish in Exit Enclosures (NFPA 101, 
2012). 
 
 
Figure 35: Floor Plan Fourth Floor Combustibles in Corridor 
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Figure 36: View down Hallway with Combustibles and Restricted Clearance 
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Performance Based Analysis 
Performance Criteria 
Summarized in Table 11 are the performance criteria that must be met to fulfill the 
performance objectives. The performance analysis was based on the performance based 
sections of the NFPA 101 Life Safety code and the SFPE Engineering Guide to Performance-
Based Fire Protection, Second Edition  
(SFPE Task Group on PB Analysis and Design, 2007).  
Table 11: Performance Criteria 
 
(Bryan, 2002) (Purser D. , 2003) (Drysdale, 1999) (Richard G. Gann, 2008) 
 
The LSC 5.2.2 Performance Criterion: Any occupant who is not intimate with ignition shall not 
be exposed to instantaneous or cumulative untenable conditions. Most deaths in fires are 
caused by smoke inhalation long before a person is in risk of being burned. The sequence of 
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tenability hazards: Impaired vision resulting from smoke and from eye irritants in the smoke, 
respiratory tract pain and difficulty breathing from inhalation of hot smoke, asphyxia from 
inhalation of toxic gases, which may cause confusion and loss of consciousness, and pain to 
exposed skin and upper respiratory tract followed by burns and hyperthermia. 
The performance criteria that are going to be focused on in this analysis are the CO production 
and dose, temperature, visibility and smoke level. The results will be produced for both the 
room of origin and the means of egress. If the criterion is not reached, it is assumed that the 
space remains tenable.  
Fundamental Requirements LSC 4.5 
1. Provide for adequate safety without dependence on any single safeguard. 
2. Provide an appropriate degree of life safety considering the size, shape, and nature of 
the occupancy. 
3. Provide for backup or redundant egress arrangements. 
4. Ensure that the egress paths are clear, unobstructed, and unlocked. 
5. Ensure that the exits and egress routes are clearly marked to avoid confusion and 
provide the cues needed for their effective use. 
Fire Dynamics Simulator 
Fire Dynamics Simulator (FDS) Version 5 maintained by National Institute of Standards and 
Technologies was used as a tool to determine when performance criteria were exceeded. Using 
FDS there are limitations listed below that need to be taken into account. Due to these 
limitations FDS is used as a tool, but not as a quantitative solution. Outputs that are focused on 
in this analysis are room temperature, smoke and heat detector activation, smoke level and 
visibility.  
Limitations 
 Based on conditions specified by user 
o Fire Size, Fire location, conditions, materials, etc. 
o Run times and Mesh Size 
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o Rectilinear numerical grid 
o FDS will only consider CO formed directly through the combustion process 
o Experimental data 
Fire Development: 
Below is a graph showing the heat release rate versus time. The graph shows possible 
outcomes and reduced fire size if fire suppression occurs within a theoretical time. Below 
shows the size of fire when the fire is first detected and then when the suppression is applied to 
the fire. The building currently relies on the fire to be suppressed by manual or fire department 
response. The fire may exceed the critical point by the time the fire department arrives.  The 
ideal situation is for the suppression to be applied in order to reduce the magnitude of the fire.   
 
Figure 37: Time Scales Associated with Fire Hazard Development and Mitigation (Mowrer F. ) 
Model Fires 
A T-Squared Fire Growth Rate was used to model the fire scenarios. There are three categories 
for fire growth: slow, medium, and fast. These definitions are simply determined by the time 
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required for the fire to reach 1055 kW. A slow fire is defined as taking 600 s or more to reach 
1055 kW. A medium fire takes more than 150 s and less than 300 s and a fast fire takes less 
than 150 s to reach 1055 kW (NFPA 72, 2010). Over time the definition for a t-squared fire has 
evolved to include an “ultra-fast” fire as well. The common definition for the growth times are 
shown below (Babrakus, V. and Peacock, R.d., 1992): 
 
Developing a Realistic Scenario: 
Using Babrauskas, V. and Peacock, R. D., "Heat Release Rate: The Single Most Important 
Variable in Fire Hazard,” there have been tests to determine the heat release rates of 
furnishings, furniture and other materials to input into models.  The graphs below show graphs 
of heat release rate versus time for upholstered furniture and for a room with polyurethane.  
 
 
Figure 38: Design Fires of Upholstered Furniture and Fire Rates (Young, 2007) 
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Figure 39: Heat Release Rates Comparing FDS and Experimental Data of Polyurethane (D. 
Madrzykowski, N. Bryner, W. Grosshandler and D. Stroup) 
Fire Initiation Frequency 
To fully understand the impact of fire scenarios, the frequency of the fire needs to be 
determined. If a large fire is used, but the frequency of the fire is very small, then it may be a 
waste of resources and a poor representation. The better fire to model is a fire that has a 
higher frequency and is still significant. More research is required to determine appropriate fire 
scenarios.  
Assumptions 
o The case for multiple simultaneous fires will not be examined 
o The case for a thoroughly executed arson will not be used 
o The suppression system will be assumed to be in working order and operation according 
to their respective designs. 
o Simultaneous occurrence of fire and other natural disasters such that passive and/or 
active systems are compromised will not occur. 
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Factors Affecting Fire Scenarios:  
The development of appropriate fire scenarios is started with the conditions of the building and 
the occupancy. The location of a significant fire should be used. The development of the fire 
starts with the form of ignition source. The type of fuel first ignites, then secondary fuels ignite 
and the fire spreads.  After the fire is past the initial stages, the effects of compartment 
geometry on the fire development come into significance.  This includes whether doors and 
windows are initially open or closed and whether they can open during the fire scenario. The 
growth rate can be assumed such as the T-square fire or other methods. The time to flashover 
and full development is a very important factor to determine if a scenario reaches those points.  
Design Fires Scenarios: 
Four fire scenarios are described below.  Scenarios 3 and 4 were determined to be not as 
significant as scenarios 1 and 2. Scenarios 2 and 3 are included in this report to provide a 
cumulative analysis of the building and the fire protection systems.   
Scenario 1: 
The scenario was chosen based on the existing conditions in the building (see potentially 
hazardous and non-conforming conditions). The LSC 5.5.3.1* Design Fire Scenario 1 was 
referenced to determine justified scenario. The requirements of the scenario are listed below.  
Design Fire Scenario 1 shall be described as follows:  
 It is an occupancy-specific fire representative of a typical fire for the occupancy.  
 It explicitly accounts for the following:  
o (a) Occupant activities  
o (b) Number and location  
o (c) Room size  
o (d) Furnishings and contents  
o (e) Fuel properties and ignition sources  
o (f) Ventilation conditions  
o (g) Identification of the first item ignited and its location  
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The occupancy in the general vicinity of the fire ignition point is business and contains offices 
for the College of Business. The corridor has exits enclosures that contain vertical exits at each 
end. The corridor has four alcoves that have been converted to waiting and storage areas. 
Within the alcoves, there are two doors that provide access to connecting offices. In the waiting 
areas there are chairs, tables, displays and trash receptacles, see Figures 37 and 38.  
This fire scenario blocks egress and with an increased time to suppression, this fire scenario 
could cause the corridor to go to flashover.  With current conditions, the fire doors and 
windows are propped open and this allows fire and smoke to travel down the corridor as well 
as provide ventilation.  The corridors are also furnished with display boards and office postings 
that provide fuel for the fire spread.  
 
Figure 40: Combustibles in Corridor 
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Figure 41: Bookcase in Corridor 
 
 
Figure 42: Floor Plan Fire Scenario 1 Location 
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Prescribed Fire 
The fire was assumed to be a fast fire and the ignition source was assumed to be on 
Polyurethane. The material properties are referenced from (Tewarson, 2002), (Babrauskas, V. , 
2003). A fast fire was assumed with a peak heat release rate of 2000kW. The complete set of 
FDS input files are in Appendix F. 
Table 12: Prescribed HRR 
     
(Babrakus, V. and Peacock, R.d., 1992) 
Scenario 1: FDS Outputs 
Thermocouples were placed in the fire alcove, the corridor and near the exits. The graph in 
Figure 40 shows the temperature readings against time.  
 In Fire Alcove Max Temperature:  456 C at 210 seconds 
 In Corridor Max Temperature:  579 C at 1060 seconds 
 Criteria in Fire Alcove at 65 seconds and in Corridor at 82 seconds 
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Figure 43: Thermocouple Output 
 
Figure 44: Temperature of Corridor at 120 Seconds 
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Figure 45: Temperature of the Corridor at 210 seconds 
The heat release outputs: 
 Max Heat Release Rate:  7722  kW  at  180 seconds 
 
Figure 46: HRR for Scenario 1 
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Smoke layer height reaches 6 feet: 
 In the room at 55 seconds  
 In the corridor at 90 seconds 
 
Figure 47: Smoke Level Scenario 1 
 
Figure 48: Smoke after 30 Seconds 
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Figure 49: Smoke Level after 55 Seconds 
 
Figure 50: Smoke Level after 90 Seconds 
Using soot to approximate visibility in meters at the height of 1.5 is shown in Figures 51 and 52. 
Optical Density criteria are reached in the: 
 Room at 38 seconds 
 Corridor at 75 seconds 
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Figure 51: Visibility after 38 Seconds 
 
Figure 52: Visibility after 75 Seconds 
The carbon monoxide level criteria was assumed to be 1400 ppm, from the outputs the criteria 
is reached in the fire alcove at 850 seconds and not reached during the simulation in the 
corridor.  
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Figure 53: Scenario 1 Carbon Monoxide 
Time to Alarm 
The detectors in the corridors are determined to be both heat detection and photoelectric. The 
FDS determined that the smoke detector activated in less time than the heat detector at 30 
seconds. The activation temperature for the heat detector was 57 C and the obscuration for the 
smoke detector was assumed to be 4.9 %/m.  
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Figure 54: Scenario 1 Heat Detection 
Fire Scenario: 2 
This fire scenario was also chosen based on the LSC Design Fire Scenario 1.  The location is on 
the fourth floor near the exit enclosure. (see Figure 58) The room is used as a supply room and 
break room for staff and faculty members. Both the fire doors and the windows are propped 
open (see Figures 55-57). There is also a high fuel load of paper and plastic combustibles, as 
well as, several ignition sources.  The ceiling is also greater than the corridor, which may trap 
the smoke for a longer time. There is also no smoke detection within the room.  
FPE Cumulating 
Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
63 
 
 
Figure 55: Scenario 2 location 
 
Figure 56: Scenario 2 Fire Room 
FPE Cumulating 
Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
64 
 
 
Figure 57: Scenario 2 View from corridor 
 
Figure 58: Floor Plan Fire Scenario 2 
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Prescribed Fire 
A similar fire size and t-squared fire rate was prescribed as for scenario 1. The fuels do however 
differ in that they are paper combustibles as well.  
Scenario 2: FDS Outputs 
Similar to scenario 1, there are thermocouples placed in the fire room, fire room exit and in the 
corridor at different levels.  
 In Fire Room Max Temperature:  875 C at 240 seconds 
 In Corridor Max Temperature: 418 C at 1190 seconds 
 Criteria in Fire Room at 35 seconds and in Corridor at 105 seconds 
 
 
Figure 59: Fire Scenario 2 Thermocouple output 
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Figure 60: Fire Room Temperature after 35 seconds 
 
Figure 61: Fire Room Temperature at 240 seconds 
 
 
Figure 62: Temperature in corridor after 105 Seconds 
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Figure 63: Temperature in corridor after 1190 Seconds 
The heat release outputs: 
 Max Heat Release Rate:  3180  kW  at 350 seconds
 
Figure 64: HRR for Scenario 2 
Smoke layer height reaches 6 feet in the: 
 Room at 72 seconds  
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 Corridor at 145 seconds 
 
Figure 65: Smoke Level Scenario 2
 
 
Figure 66: Smoke after 72 Seconds 
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Figure 67: Smoke Level after 145 Seconds 
Using soot to approximate visibility in meters at the height of 1.5 m are shown in Figures 68 and 
69. Optical Density criteria are reaches in the: 
 Room at 115 seconds 
 Corridor at 240 seconds 
 
Figure 68: Visibility after 38 Seconds 
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Figure 69: Visibility after 75 Seconds 
The carbon monoxide level criterion was assumed to be 1400 ppm, from the outputs the 
criteria is reached in the fire alcove at 285 seconds and 1160 seconds in the corridor.  
 
Figure 70: Scenario 1 Carbon Monoxide 
Time to Alarm 
The detectors in the corridors are determined to be both heat detection and photoelectric. The 
FDS determined that the smoke detector activated in less time than the heat detector at 110 
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seconds. The activation temperature for the heat detector was 57 C and the obscuration for the 
smoke detector was assumed to be 4.9 %/m.  
 
Figure 71: Scenario 2 Heat Detection 
Scenario 3: 
This scenario is on the third floor. There were doors installed that were not a part of the 
original design.  The nearest smoke detector and only smoke detector in the continuous 
corridor is at the other end of the corridor.  None of the rooms have smoke detectors, so if a 
fire originates from a room, the size of the fire could be large before detection.  Also, the 
building has no automatic suppression system so the time to suppression or containment is 
quite long.  
The life safety code scenario used for this scenario is scenario 8. The fire will originate in a room 
and the door that would contain the fire is left ajar. The passive fire protection system has been 
rendered ineffective in containing the fire to the room. 
The scenario was not analyzed based on resources and significance relevant to scenarios 1 and 
2. 
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Figure 72: Fire Scenario 2 FDS Output 
 
Figure 73: View of Fire Scenario 3 Location 
 
Scenario 4: 
This fire scenario models the possibility of a fire in the mechanical room or possibly the storage 
room across the corridor. The fire is located on the fourth floor at a pinch point that would 
prevent egress to the exits.  The door that prevents the dead-end limit from being exceeded is 
propped open.  
This scenario is based on the Life Safety Code design scenario 2 and partially scenario 3. Design 
fire scenario 2 is significant based on the reduction in egress capacity due to the fire and design 
fire scenario 3 is based on a fire that is developed in a normally unoccupied room. 
The scenario was not analyzed based on resources and significance relevant to scenarios 1 and 
2. 
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Figure 74: View of Fire Scenario 4 
 
 
Figure 75: Fire Scenario 4 Floor Plan 
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Egress Analysis 
The analysis will cover the occupant characteristics, as well as, pre-movement times/activities 
and travel times. These factors are important in determining the RSET.  
Occupant Characteristics 
The Life Safety Code was used to develop the representation of the occupants.  Using LSC 
5.4.5.1* General. The selection of occupant characteristics to be used in the design calculations 
shall be approved by the AHJ and shall provide an accurate reflection of the expected 
population of building users. Occupant characteristics shall represent the normal occupant 
profile, unless design specifications are used to modify the expected occupant features.  
Occupant characteristics shall not vary across fire scenarios, except as authorized by the AHJ.  
Since the building is part of the Cal Poly campus, many groups utilize its facilities. The overall 
demographics of the campus are: Student Body: 19,325, Faculty: 1,047 Ratio: 19:1, Average 
age: 20.8, Male 56%, Female 44%. 
The building is designed to have the most familiar occupants on the top floors that consist of 
offices and a few labs; whereas, the most unfamiliar occupants being in the lower two floors 
that consist of lecture rooms and classrooms. The majority of the occupants consist of students 
and faculty members. Some events may be held in the lower lecture halls and in the silo, which 
may have occupants that are unfamiliar with the building. 
Professors and administrative personnel have offices located on the upper floors and 
throughout the building and should be very familiar with the building. Students may be initially 
unfamiliar with surroundings and the occasional visitor should be taken into account. 
Pre-Movement and Movement Times 
Determining the occupants’ characteristics can help determine adequate required safe egress 
time (RSET).  Pre-movement time is one of the most significant unknowns related to RSET 
values. There are several factors that relate to the occupant characteristics that can affect the 
pre-movement time.  
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Pre-movement times relate to reaction time. Reaction time is the time it takes the occupant to 
perceive the alarm, interpret the alarm, and then decide on a course of action (SFPE Task Group 
on PB Analysis and Design, 2007).  
The student population is transient and there is not a consistence of individuals that occupy the 
building. After perceiving a fire cue, such as the fire alarm signal or smelling smoke, people 
often ignore these initial cues or spend time investigating about the seriousness of the 
situation. This creates a time delay before evacuation movement starts (Purser D. ) 
The size of group can range from one or two in the office rooms on the upper floors, from five 
to 35 on the second and third floor, to 25 to 50 on the first floor and up to 240 in the Silo.  
Occupants should be conscious during occupancy.  The activities include academics and 
administrative. 
Movement times can be predicted based on travel distance and travel speed. When a travel 
speed is selected it should be one that encompasses the majority of the population within the 
building. Since three out of the four floors have available horizontal exits, occupants with 
disabilities or those with reduced travel speed should be able to reach an exit or place of refuge 
within a reasonable time.  
Pre-Movement Activities and Times 
The level of commitment by the occupant has a direct effect on the pre movement activity and 
time. Fortunately, occupants are in a situation where being removed is more beneficial than 
remaining in their current situation. This may drastically reduce the pre-movement time. Also, if 
others are leaving the rest of the group will most likely follow.  
The professors’ leadership can reduce pre-movement time, increase pre-movement or negate 
the effect of the alarm if he or she interprets the alarm as a nuisance. 
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Occupants may take time to collect and organize belongings, or some may finish taking notes. 
Professors may have longer times due to responsibility to the facility and their belongings in the 
room. 
The weather will not likely have a large effect on the decision on whether or not to exit the 
building based on the climate. 
In the main building, most activity takes place during business hours. The silo may host events 
that are later in the evening. There should be no occupants sleeping in the building. 
 For average walking speeds NFPA Handbook Table 4.2.2.  
  Able-bodied adult walking with another person 0.93 m/sec 
  Able-bodied adult walking alone 1.14 m/sec 
  Older adult walking with another person 0.88 m/sec 
  Older adult walking alone 0.96 m/sec 
  Adult with walking disability 0.78 m/sec 
The effect of a disabled person on the overall travel speed is negligible because during a fire 
persons tend to show altruistic behavior towards others. The number of disabled persons in this 
population is insignificant and the high availability of horizontal exits decrease egress time of 
those with disabilities. 
The number of students to faculty is 19:1 so the number of able-bodied adults can be assumed 
to be the majority of the population. The majority of faculty falls in the able-bodied adult 
section, but has a higher probability of having a slower travel speed. 
Taking all these factors into account, a good estimate of travel speed is 1.01 m/sec.  
To decrease the pre-movement time there are some options that can be applied to this 
building: 
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 Increase intelligibility, such as voice alarm instead of a standard alarm 
 Decrease time to detection 
 Decrease nuisance alarms 
 Train administrative personnel in evacuation procedures and to facilitate evacuation 
 Graphic display with computer generated message 
 Administrator or leader figure providing direction 
 Perform a fire drill 
For groups of people, pre-movement times become more predictable depending mainly on a 
few key qualitative features relating to the nature of the occupants and the type of occupancy 
(e.g. office, hotel, airport) and their normal activities. These can be classified into a small set of 
“design behavioral scenarios” for which quantitative data (pre-movement time distributions) 
can be measured (Purser D. ). Other sources that were evaluated were the SFPE Handbook and 
NFPA Handbook to determine a pre-movement time of 45 seconds (Proulx, 2002). 
Hand Calculation Method 
Using the appropriate empirical evacuation time relationship developed by Pauls, below is an 
estimate on how long it would take to fully evacuate the Business Building. All tables and 
referenced material are from the NFPA 101 Life safety code, NFPA handbook and SFPE 
Handbook (NFPA 101, 2012) (Proulx, 2002) (Fahy, 2008). 
Assumptions 
 Four stories of building with bottom floor exiting directly to the public way.  
 Top floor has three exit stairs 
 Third floor has two exit stairs and two horizontal exits(one horizontal exit must also 
include capacity from one of the fourth floor exit stair) 
  Second floor has three exit stairs and a horizontal exit 
 Exit stairs are 48”, with handrails and 7” riser and 11” tread 
 Doors into and out of stairs are 39” 
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 Floor occupancy: fourth floor: 163 persons, third floor: 468 persons, second floor: 562 
persons, first floor 318 and the silo 240 persons. 
 Population will use all facilities in optimum balance 
 Controlling parameter will be door at bottom(checked) which are 72” wide 
 Floor to floor height is 12 feet 
 Corridors are 72 “ minimum with horizontal exits at 96” 
 Since there is the option of a horizontal exit, in order to provide a reasonable hand 
calculation the horizontal exit only provides capacity for up to one minute. The rest of 
the occupants utilize the stairway.  
 Once the occupants enter the horizontal exit, they have reached the public way or area 
of refuge 
 All or most of the persons involved are free of disabilities that would significantly 
impede their ability to keep up with the movement of a group. 
Discussion of Uses and Limitations 
This solution makes several assumptions that may prove to be inadequate to take account for 
all human interactions.  An example of this would be the optimization of exits; persons who 
normally use elevators or may be unfamiliar to stair locations can decrease the ability to 
optimally choose a stairs exit. Also, the pre-movement actions will add time to the egress time. 
This solution assumes that all persons immediately evacuate. The first order approximation was 
used in this solution. There are other forms of predicting the egress times that may or may not 
have significant deviations in egress time.  
If the jam density is reduced to 3.0 persons per m2 instead of 3.8 persons per m2 the egress 
times could be extended.  
Predicting human behavior in evacuating a building with several exit options has a higher level 
of uncertainty compared to a high rise with only a limited number of stairs. 
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Computer-Based Egress Model 
Pathfinder by Thunderhead Engineering was used to determine a RSET value using a computer 
generated simulation. Model selection criteria are discussed in Appendix C following the SFPE 
Handbook as a guide (Nelson & Mowrer, 2002). 
The results are summarized above, while more detailed results can be found in appendix D. 
Pathfinder results were only used to determine the egress times. This neglects pre-movement 
times and activities. Pathfinder’s results are in the order of minutes, which meet the demands 
of the design of the building. If the horizontal exits were removed, the time to evacuate almost 
doubles. This is reasonable based on the amount of horizontal exits compared to the vertical 
exits.  
Time Comparison with the Hand Calculation 
The hand calculations and computer simulation results are similar.  The computer generated 
results produced comparable egress times to the hand calculations. In order to get a good 
validation between the computer calculations and the hand calculations, two methods for both 
were performed. The results were of the same magnitude and under ten minutes; although, the 
hand calculations were larger due to using conservative and limited assumptions.  
Uses and Limitations of the Analysis 
Pathfinder uses agent-based artificial intelligence. Each occupant has individual traits, goals, 
and perceptions. This allows groups of occupants to organize themselves into natural flow 
patterns. As a result, occupant motion looks smooth and realistic. There are buffers or occupant 
density requirements for each person, if chosen to do so. 
Also, each occupant chooses the nearest exit.  This may create a queue at one exit but, not a 
queue at an exit further away. For the large lecture hall, occupants may go outside the door 
since it is closer instead of using the main entrance. The main entrance should be able to 
handle 2/3 of the occupant load. 
Two steering modes were used in determining the egress times: Steering mode and SFPE mode. 
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The movement technique used in Pathfinder, inverse steering, is a variant on this original 
steering technique that allows agents to evaluate the cost of moving in a particular direction. At 
each time step, agents move in the direction that minimizes the overall cost. 
 
Pathfinder also includes an alternate movement model based on equations from the SFPE 
Engineering Guide on Human Behavior in Fire. Occupant motion follows the velocity profiles 
given by SFPE, while flow through doors is controlled by the SPFE flow assumptions. In this 
mode, Pathfinder reproduces a first-order hand calculation using the SFPE assumptions. This 
allows you to quickly evaluate a model using these widely-known movement assumptions, even 
for large, complex buildings. 
 
A limitation of Pathfinder is that it does not integrate results from a fire model or provide 
support for complex behaviors. These behaviors can include: family grouping, pre-movement 
times and activities. 
Egress Analysis Results 
Model: Pathfinder by Thunderhead Engineering  
Determine travel time using a computer generated simulation 
Limitations: pre-movement times, occupants with disabilities 
 
Figure 76: Project Building in Pathfinder 
Evacuation of fourth Floor 70 seconds 
FPE Cumulating 
Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
81 
 
 
 
Figure 77: Evacuation of Fourth Floor 
SFPE Method: 49 Seconds 
Steering Mode: 70 Seconds 
Hand Calculation SFPE: 80 Seconds 
Average: 66 Seconds 
Table 13 summarizes three scenarios using hand calculations and both methods in Pathfinder. 
The results shown are the time to evacuate the entire building. The RSET value for the analysis 
primarily uses the time of evacuation for the fourth floor. The entire building I evaluated based 
on queuing from the bottom floors.  
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Table 13: Pathfinder Results 
 
Summary  
The concepts of required safe egress time (RSET) and available safe egress time (ASET) were 
used to evaluate whether or not the scenarios passed. The criterion for passing is that ASET is 
greater than the RSET values. There should also be an acceptable margin of safety where the 
ASET exceeds the RSET. Figure 78 depicts the concepts on a time scale the Escape time is used 
as RSET.  
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Figure 78: ASET vs. RSET (Mowrer & Rosenbaum, Fire Protection Handbook Information and 
Analysis for Fire Protection. Figure 3.11.4 Example Time Line for Evaluation of Available 
Versus Required Safe Egress Times, 2008) 
 
RSET  
The Required Safe Egress Time consists of several variables. The main variables are the time to 
alarm and the evacuation time. Time to alarm consists of the time it takes to detect the fire and 
initiate an alarm. The evacuation time consists of the pre-movement time and travel time. The 
pre-movement time consists of the recognition time and the response time. This section will 
summarize earlier results into RSET values for each scenario. 
Time to alarm was assumed to be simultaneous to the detection time. The detection time 
occurred when the smoke detectors were activated. If a fire occurs during normal business 
hours and is occupied, manual detection may occur sooner. There is limited data on how 
quickly humans can detect a fire; there is also a reliability factor. The assumption was made 
that a smoke detector activation will be comparable to the time it would take manual detection 
plus the time for an occupant to located and activate a pull station.  
FPE Cumulating 
Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
84 
 
The pre-movement variables are discussed earlier in the egress analysis component. The 
analysis required several assumptions and discussion based on occupant characteristics and 
current conditions. The pre-movement time was assumed to be 45 seconds. 
The travel time was also discussed in the egress analysis and the time for occupants on the 
fourth floor to reach safety was concluded to be 70 seconds using the conservative value. The 
results were determined using Pathfinder by Thunderhead Engineering.  The uses and 
limitations of the modeling software are discussed in the egress analysis and in Appendix C. 
Table 14 summarizes the components of the analysis to determine the RSET for each scenario.  
Table 14: Summary of RSET 
RSET 
  Scenario 1 (sec) Scenario 2 (sec)  
Time to Alarm 30 110 
Pre-Movement Time 45 45 
Travel Time 70 70 
Total 145 225 
 
 
ASET 
The analysis of two fire scenarios using FDS produced results that are summarized in Table 15. 
The results are to be used as a tool to provide information about a fire scenario and not as 
exact solutions. More details regarding the use and limitation FDS are in the fire scenario 
component of this analysis. The results that were focused on were the CO production, the 
temperature level, optical density and smoke level.  
Table 15: Fire Scenario Summary of ASET 
ASET 
    Limit Scenario 1 (sec) Scenario 2 (sec)  
Maintain tenable 
conditions in corridor 
CO ppm 1,400 850 1160 
Temperature (c )  60 82 105 
Optical density (1/m) 0.2 75 240 
Smoke level (m) 6.1 90 145 
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Prevent Flashover in 
room of origin 
Temperature (c )  600 - 135 
RSET vs. ASET 
The RSET and ASET values below in Figures 79 and 80 are shown using bar graphs against a time 
scale. The bar represents when each criteria is reached during the simulation. 
 
Figure 79: Scenario 1 RSET vs. ASET 
From Figure 79 the safety margin can be seen to be nonexistent. The result is that the fire 
scenario causes the fire protection systems to fail.  The criteria to protect occupants from being 
exposed to untenable conditions along their means of egress are not met.  
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Figure 80: Scenario 2 RSET vs. ASET 
For scenario 2 the margin of safety is also not met. The optical density remains above the RSET, 
but by only 15 seconds. The occupants will already be exposed to temperatures above the 
criteria and a smoke level below the 6 feet level.  
Recommendations  
There are limits on the available fire protection designs that can be used. The risk cannot be 
reduced to zero, but there are methods to manage risk and uncertainty. It cannot be deemed 
feasible to protect all life, but can be reasonable to meet the goal of protecting all life that is 
not intimate with the fire source.  The fire protection features in the building are limited by this 
goal, the financial burden of the systems, and the available technology. There are three main 
recommendations that will be discussed; however, there are other options that are worth 
evaluating that are not mentioned in this report. 
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Automatic Sprinklers 
The requirements of this building do not prescribe installation of an automatic fire suppression 
system. When evaluating the cost and maintenance of a suppression system it may have been 
the designer’s intent to omit the automatic suppression system. When this building is 
compared to other similar buildings that have been recently constructed, they included an 
automatic fire suppression system.  
The benefit of including a fire suppression system is that a fire can be contained to an area and 
there is not a heavy reliance on the Fire Department Response. Fire sprinklers reduce the 
production of smoke and the spread of fire, which limits the amount of damage. Figure 81 
shows the growth rate using heat release rate (kW) on a time scale. A fire without suppression 
will grow until the fuel or oxygen is depleted and can result in a large fire.  If the suppression 
system is activated, the fire is contained at that level and can be suppressed much more 
efficiently.  
 
Figure 81: Demonstrates possible Fire outcomes based on suppression lag (Mowrer & 
Rosenbaum, 2008) 
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A recommendation is to perform a cost benefit analysis of installing an automatic fire 
suppression system.  
Upgrade Fire Alarm and Detection System 
The current system relies on detection of a fire in a few selected areas. The areas included the 
exit corridor on the fourth floor, end of corridors on the other floors, in the lobbies, duct 
detection and in the mechanical rooms. The current situation allows for extended detection 
times. If the detection time is reduced, the RSET value can be increased and can create margin 
of safety.  
The design of the notification system does not provide visual and audible notification to every 
area. This system can also be improved to decrease the pre-movement times. The gaps include 
spacing of the visual notifications in the corridors and within classrooms and offices. The 
audible gaps neglect reductions for closed doors.  
Recommendations to be considered are decreasing the gaps in notification and installing more 
smoke detectors. There needs to also be a cost benefit analysis of this recommendation.  
Fire Management Plan 
This report includes a section covering potentially hazardous and non-conforming conditions 
that exist within the building. The fire scenarios highlight some of the major concerns. Most of 
the conditions can be corrected through education of the occupants and policy changes. A fire 
management plan should already exist within the building and on the Cal Poly Campus.  
If the plan does not already exist the State of California’s “Standardized Emergency 
Management System,” and complies CCR Title 19 §8607 (PUBLIC SAFETY DIVISION 2. OFFICE OF 
EMERGENCY SERVICES) and National Incident Management System (NIMS) can be referenced 
(FEMA, 2008). The references recommend: 
 To ensure a comprehensive fire risk management process is applied across the 
University to ensure a high level of safety for persons and property. 
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 To ensure that fire safety problems that arise are quickly and effectively contained and 
resolved. 
 To ensure that the University complies fully with its legal and ethical obligations in 
relation to fire safety. 
 To ensure that appropriate training and information is provided on fire safety to the 
University and the community 
 To ensure all systems are properly maintained, tested and inspected 
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Code References  
 International Building Code 2009 
 California Building Code 2010 
 California Fire Code 2010 
 NFPA 101 Life Safety Code 
 NFPA 72: National Fire Alarm and Signaling Code 
NFPA 13: Standard for the Installation of Sprinkler Systems  
NEC NFPA 70 Electrical Code 2011 
NFPA 3 ITM 
NFPA 92 Principles of Smoke Management 
NFPA 1 Fire Code 2009 Edition 
NFPA 14 Standpipe systems 2011 Edition 
Code References that Support PBD 
International Building Code 104.10 Modifications, 104.11 104.11 Alternative materials, design 
and methods of construction and equipment. The provisions of this code are not intended to 
prevent the installation of any material or to prohibit any design or method of construction not 
specifically prescribed by this code, provided that any such alternative has been approved. An 
alternative material, design or method of construction shall be approved where the building 
official finds that the proposed design is satisfactory and complies with the intent of the 
provisions of this code, and that the material, method or work offered is, for the purpose 
intended, at least the equivalent of that prescribed in this code in quality, strength, 
effectiveness, fire resistance, durability and safety. 
Life Safety Code NFPA 101: Chapter 5 provides an alternative method to meeting life safety 
objectives, though PBD. LSC 5.1.3 must be prepared by a registered design professional. LSC 
5.1.4 AHJ is permitted to require a third party review.  LSC 5.1.7 
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Floor plans exit configuration and travel paths 
Occupancy color coding 
Occupancy load under UBC and LSC 
Floor plans  with space use 
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CAD #003-0_C303-00
CAD #003-0_C302-00
CAD #003-0_E301-00
CAD #003-0_C304-00 155 SF
323A323ACAD #003-0_0323-0A CAD #003-0_S302-00
CAD #003-0_0300-0B
300B
30 B
300A300A CAD #003-0_0300-0A
CAD #003-0_0302-003023
302A
302A
CAD #003-0_0302-0A
C302
S3
01
S303
E3
01
C3
03
C301 C304
S302
229 SF
1,329 SF
1,425 SF
1,423 SF
1,209 SF
1,588 SF
60 SF
1,021 SF
343 SF
321 SF
809 SF
31 SF
120 SF
81 SF
896 SF
168 SF
168 SF
1,845 SF
108 SF 108 SF108 SF108 SF108 SF 108 SF108 SF
108 SF
108 SF 108 SF
108 SF 108 SF 108 SF108 SF 108 SF 108 SF
23 SF
59 SF
72 SF
246 SF
228 SF
502 SF
221 SF
183 SF
291 F
388 SF108 SF
108 SF
108 SF 108 SF
426 SF
108 SF 108 SF 108 SF108 SF108 SF108 SF 108 SF 108 SF108 SF
1,289 SF
108 SF
108 SF
300C
300D
300D
CAD #003-0_0300-0D
300C
305 SF
CAD #003-0_0300-0C
86 SF
345A345ACAD #003-0_0345-0A
100 SF
0030030800
00300301A0
0030030000
0030030400
0030030300
00300301B0
0030030100
0030030600
0030030700
0030030500
0030034100
00300343000030034200 0030034400
0030034500
003003370000300339000030034000 0030033800 0030033600 00300334000030033500
0030031700
0030032600
0030031300
0030030900
0030031000
00300312B0
00
30
03
12
A0
0030031200
00300315000030031400 0030031600
003003300000300332000030033300 0030033100 00300328000030032900 0030032700
003003210000300319000030031800 0030032000 0030032200
00300324000030032500 0030032300
0030031100
0030S30100
0030S30300
0030C30100
0030C30200
0030C30300
0030E30100
0030C30400
00300323A0
0030S30200
00300300B0
00300300A0
0030030200
00300302A0
00300300D0
00300300C0
00300345A0
Bldg.3, Room 330
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 313
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 331
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 333
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 332
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 335
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 337
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 336
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 334
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 339
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 340
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 341
Business
BUS, Conf Room
ASF: 426, Cap: 20
Bldg.3, Room 338
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 344
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 342
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 343
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 312
Business
BUS, Maint Rpr Sp
ASF: 388
Bldg.3, Room 345
Business
BUS, Faculty Use
ASF: 183
Bldg.3, Room 308
Business
BUS, Gen Storage
ASF: 502
Bldg.3, Room 323
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 325
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 324
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 327
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 329
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 328
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 326
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 320
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 305
Business
BUS, UpDiv Teach Lab
ASF: 1021, Cap: 30
ACADEMIC CAPACITY
Bldg.3, Room 317
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 315
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 314
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 316
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 319
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 318
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 322
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 321
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 300
Business
BUS, Slf Inst Lab
ASF: 1845, Cap: 40
Bldg.3, Room 301A
Business
BUS, Admin Office
ASF: 168, Cap: 1
Bldg.3, Room 301
Business
BUS, Spec Inst Sup
ASF: 896, Cap: 8
Bldg.3, Room 303
Business
BUS, UpDiv Teach Lab
ASF: 1209, Cap: 30
ACADEMIC CAPACITY
Bldg.3, Room 306
Business
BUS, UpDiv Teach Lab
ASF: 1423, Cap: 38
ACADEMIC CAPACITY
Bldg.3, Room 307
Business
BUS, UpDiv Teach Lab
ASF: 1425, Cap: 38
ACADEMIC CAPACITY
Bldg.3, Room 323A
Business
BUS, Gen Storage
ASF: 120
Bldg.3, Room 300B
Business
BUS, Gen Storage
ASF: 31
Bldg.3, Room 300A
Business
BUS, Spec Instruction
ASF: 809, Cap: 40
Bldg.3, Room 302
Business
BUS, Slf Inst Lab
ASF: 1329, Cap: 32
Bldg.3, Room 302A
Business
BUS, Slf Inst Lab
ASF: 229, Cap: 6
Bldg.3, Room 300C
Business
BUS, Gen Storage
ASF: 86
Bldg.3, Room 300D
Business
BUS, Spec Inst Sup
ASF: 305, Cap: 12
Bldg.3, Room 345A
Business
BUS, Faculty Use
ASF: 100
4
Facility Services        Facilities Planning and Capital Projects
O
:\S
FD
B
\S
pa
ce
\g
ra
ph
ic
s\
B
ui
ld
in
g 
00
3-
0_
B
us
in
es
s.
dw
g
March 2009
Page 3
Business
Building 003-0
Floor 3
of
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CLA
CSMCARCH
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NON
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Building 2
455A
455C
455
455B
454A
453
451452 442443444445446450 449 448 447
439 440 441438437436435434433432431430429455D
456
457
400
401
402
403
403A
403B
404
405
405A
405B
406
428
427
426
425
424
423
422
421
420
419
418
417
416
415
414
413 412 411
407B
409B
407
407A
408
409A
410A
410
409
403A
403
402
401
409A
41
4
4 0
406
405B
405A
405
404
407A
407
408
40
418
4 9
416
417
423
403
422
421
425
42
42
41
414
409B
413
409
4 0
412
429
455B
455C
0
456
45
457
455A
455
454A 453
43
445
43
4 7
428
43 43 434 3 43
449452 451 450 447448 446
4404343 43 4
443444 442
CAD #003-0_0403-0A
CAD #003-0_0403-00
CAD #003-0_0402-00
CAD #003-0_0401-00
CAD #003-0_0409-0A
CAD #003-0_0410-0A
CAD #003-0_0415-00
CAD #003-0_0420-00
CAD #003-0_0406-00
CAD #003-0_0405-0B
CAD #003-0_0405-0A
CAD #003-0_0405-00
CAD #003-0_0404-00
CAD #003-0_0407-0A
CAD #003-0_0407-00
CAD #003-0_0408-00
CAD #003-0_0407-0B
CAD #003-0_0418-00
CAD #003-0_0419-00
CAD #003-0_0416-00
CAD #003-0_0417-00
CAD #003-0_0423-00
CAD #003-0_0403-0B
CAD #003-0_0422-00
CAD #003-0_0421-00
CAD #003-0_0425-00
CAD #003-0_0424-00
CAD #003-0_0426-00
CAD #003-0_0411-00
CAD #003-0_0414-00
CAD #003-0_0409-0B
CAD #003-0_0413-00
CAD #003-0_0409-00
CAD #003-0_0410-00
CAD #003-0_0412-00
CAD #003-0_0429-00
CAD #003-0_0455-0B
CAD #003-0_0455-0C
CAD #003-0_0400-00
CAD #003-0_0456-00
CAD #003-0_0455-0D
CAD #003-0_0457-00
CAD #003-0_0455-0A CAD #003-0_0455-00 CAD #003-0_0454-0A
CAD #003-0_0453-00
CAD #003-0_0436-00
CAD #003-0_0445-00
CAD #003-0_0427-00
CAD #003-0_0428-00
CAD #003-0_0430-00 CAD #003-0_0431-00 CAD #003-0_0432-00 CAD #003-0_0434-00CAD #003-0_0433-00 CAD #003-0_0435-00
CAD #003-0_0449-00CAD #003-0_0452-00 CAD #003-0_0451-00 CAD #003-0_0450-00 CAD #003-0_0447-00CAD #003-0_0448-00 CAD #003-0_0446-00
CAD #003-0_0440-00CAD #003-0_0438-00CAD #003-0_0437-00 CAD #003-0_0439-00 CAD #003-0_0441-00
CAD #003-0_0443-00CAD #003-0_0444-00 CAD #003-0_0442-00
CAD #003-0_S401-00
CAD #003-0_S402-00
CAD #003-0_S403-00
CAD #003-0_C401-00
CAD #003-0_C402-00
CAD #003-0_E401-00
454454CAD #003-0_0454-00
C402
S4
01
S403
C401
S4
02
E4
01
76 SF
191 SF
105 SF 107 SF
108 SF
105 SF 105 SF105 SF105 SF 105 SF 105 SF
107 SF
85 SF
107 SF
229 SF
52 SF
151 SF
107 SF
107 SF
52 SF
227 SF
150 SF
154 SF
107 SF
107 SF
107 SF
154 SF
107 SF
105 SF
201 SF
105 SF105 SF105 SF 105 SF 105 SF105 SF 105 SF
105 SF
59 SF
105 SF
107 SF
52 SF
107 SF
107 SF
107 SF
107 SF
150 SF
46 SF
53 SF
171 SF
179 SF
428 SF
626 SF
153 SF
227 SF
200 SF
154 SF
150 SF
191 SF
472 SF442 SF
191 SF
105 SF105 SF 105 SF 105 SF105 SF 105 SF
1,522 SF
843 SF
224 SF
151 SF
52 SF
154 SF
107 SF
107 SF
105 SF
105 SF
453A453ACAD #003-0_0453-0A
105 SF
00300403A0
0030040300
0030040200
0030040100
00300409A0
00300410A0
0030041500
0030042000
0030040600
00300405B0
00300405A0
0030040500
0030040400
00300407A0
0030040700
0030040800
00300407B0
0030041800
0030041900
0030041600
0030041700
0030042300
00300403B0
0030042200
0030042100
0030042500
0030042400
0030042600
0030041100
0030041400
00300409B0
0030041300
0030040900
0030041000
0030041200
0030042900
00300455B0
00300455C0
0030040000
0030045600
00300455D0
0030045700
00300455A0 0030045500 00300454A0
0030045300
0030043600
0030044500
0030042700
0030042800
0030043000 0030043100 0030043200 00300434000030043300 0030043500
00300449000030045200 0030045100 0030045000 00300447000030044800 0030044600
003004400000300438000030043700 0030043900 0030044100
00300443000030044400 0030044200
0030S40100
0030S40200
0030S40300
0030C40100
0030C40200
0030E40100
0030045400
00300453A0
Bldg.3, Room 449
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 432
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 421
Business
BUS, Faculty Office
ASF: 107, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 420
Business
BUS, Faculty Office
ASF: 107, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 406
Business
BUS, Admin Office
ASF: 154, Cap: 1
Bldg.3, Room 405B
Business
BUS, Gen Storage
ASF: 52
Bldg.3, Room 405A
Business
BUS, Admin Office
ASF: 151, Cap: 1
Bldg.3, Room 405
Business
BUS, Staff Office
ASF: 224, Cap: 2
Bldg.3, Room 450
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 452
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 451
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 454
Administration
DEAN, Admin Office
ASF: 105, Cap: 1
Bldg.3, Room 454A
Administration
DEAN, Admin Office
ASF: 105, Cap: 1
Bldg.3, Room 453
Administration
DEAN, Admin Office
ASF: 105, Cap: 1
Bldg.3, Room 455A
Administration
DEAN, Admin Office
ASF: 191, Cap: 1
Bldg.3, Room 455B
Administration
DEAN, Conf Room
ASF: 442, Cap: 14
Bldg.3, Room 455
Administration
DEAN, Staff Office
ASF: 472, Cap: 3
Bldg.3, Room 455C
Administration
DEAN, Admin Office
ASF: 191, Cap: 1
Bldg.3, Room 403A
Business
BUS, Admin Office
ASF: 150, Cap: 1
Bldg.3, Room 404
Business
BUS, Admin Office
ASF: 154, Cap: 1
Bldg.3, Room 403
Business
BUS, Staff Office
ASF: 227, Cap: 1
Bldg.3, Room 402
Business
BUS, Admin Office
ASF: 153, Cap: 1
Bldg.3, Room 401
Business
BUS, Staff Office
ASF: 626, Cap: 2
Bldg.3, Room 400
Business
BUS, Support Office
ASF: 28
Bldg.3, Room 455D
Administration
DEAN, Support Office
ASF: 171
Bldg.3, Room 457
Administration
DEAN, Gen Storage
ASF: 53
Bldg.3, Room 426
Business
BUS, Faculty Office
ASF: 107, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 424
Business
BUS, Faculty Office
ASF: 107, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 425
Business
BUS, Faculty Office
ASF: 107, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 423
Business
BUS, Faculty Office
ASF: 107, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 403B
Business
BUS, Gen Storage
ASF: 52
Bldg.3, Room 422
Business
BUS, Faculty Office
ASF: 107, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 430
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 431
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 442
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 444
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 443
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 446
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 448
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 447
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 445
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 439
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMI  CAPACITY
Bldg.3, Room 412
Business
BUS, Faculty Office
ASF: 107, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 419
Business
BUS, Faculty Office
ASF: 107, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 418
Business
BUS, Faculty Office
ASF: 107, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 416
Business
BUS, Faculty Office
ASF: 107, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 408
Business
BUS, Support Office
ASF: 154
Bldg.3, Room 407A
Business
BUS, Admin Office
ASF: 150, Cap: 1
Bldg.3, Room 407
Business
BUS, Staff Office
ASF: 227, Cap: 2
Bldg.3, Room 407B
Business
BUS, Gen Storage
ASF: 52
Bldg.3, Room 417
Business
BUS, Faculty Office
ASF: 107, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 414
Business
BUS, Faculty Office
ASF: 107, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 409A
Business
BUS, Admin Office
ASF: 151, Cap: 1
Bldg.3, Room 409B
Business
BUS, Gen Storage
ASF: 52
Bldg.3, Room 409
Business
BUS, Staff Office
ASF: 229, Cap: 2
Bldg.3, Room 415
Business
BUS, Faculty Office
ASF: 107, Cap: 1
ACADEMIC CAPACITY Bldg.3, Room 413
Business
BUS, Faculty Office
ASF: 107, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 436
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 434
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 433
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 435
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 438
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 437
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 411
Business
BUS, Faculty Office
ASF: 108, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 441
Business
BUS, Faculty Office
ASF: 107, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 440
Business
BUS, Faculty Office
ASF: 105, Cap: 1
ACADEMIC CAPACITY
Bldg.3, Room 453A
Administration
DEAN, Admin Office
ASF: 105, Cap: 1
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Business
Building 003-0
Floor 4
of
www.facilities.calpoly.edu
CLA
CSMCARCH
CENGR NONASSIGNABLE
CAGR
ADMIN
UNIV
CBUS
NON
STATE 1"=35'
FPE Cumulating Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
Appendix B: Pictures 
Site 
Fire alarm devices 
Egress devices 
Smoke control devices 
Water-based suppression features 
Structural features 
 
FPE Cumulating Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
 
Fire Alarm control Panel 
 
Fire Alarm Control Panel  
FPE Cumulating Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
 
FAAF New Notifier System inside old system panel 
 
Riser with Switches 
FPE Cumulating Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
 
Tamper on Fire Water Riser 
 
Detector Used in Control panel rooms storage rooms 
FPE Cumulating Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
 
Relays 
 
Duct Detector 
FPE Cumulating Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
 
Pull Station 
 
Strobe and Horn Annunciator  
 
FPE Cumulating Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
 
PA System Speaker 
 
Detector used in Hallways 
FPE Cumulating Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
 
 
Top of Riser, Dry pipe 
 
magnetic Door 
FPE Cumulating Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
 
Old fire hose Cabinet 
 
View from the north 
FPE Cumulating Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
 
Exterior Corridor 
 
Fire Hose Cabinet in Business Silo: Still with Hose 
FPE Cumulating Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
 
Open Stairway on Second Floor 
FPE Cumulating Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
 
Outside Business Silo 
 
Horizontal Exit Second Floor 
 
FPE Cumulating Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
Appendix C: Egress Components 
Hand Calculation Method SFPE Method and Paul’s Method 
Tenability Example Calculations 
Model Selection Factors: Pathfinder by Thunderhead Engineering 
 
 
 
FPE Cumulating Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
Hand Calculation Method 
Using the appropriate empirical evacuation time relationship developed by Pauls, below is an 
estimate on how long it would take to fully evacuate the Business Building. All tables and 
referenced material are from the NFPA 101 Life safety code, NFPA handbook and SFPE 
Handbook. 
Assumptions 
 4 stories of building with bottom floor exiting directly to the public way.  
 Top floor as 3 exit stairs 
 Third floor has 2 exit stairs and two horizontal exits(one horizontal exit must also include 
capacity from one of the fourth floor exit stair) 
  Second floor has 3 exit stairs and a horizontal exit 
 Exit stairs are 48”, with handrails and 7” riser and 11” tread 
 Doors into and out of stairs are 39” 
 Floor occupancy: fourth floor:163 persons, third floor: 468 persons, second floor: 562 persons, 
first floor 318 and the silo 240 persons. 
 Population will use all facilities in optimum balance 
 Controlling parameter will be door at bottom(checked) which are 72” wide 
 Floor to floor height is 12 feet 
 Corridors are 72 “ minimum with horizontal exits at 96” 
 Since there is the option of a horizontal exit, in order to provide a reasonable hand calculation 
the horizontal exit only provides capacity for up to 1 minute. The rest of the occupants utilize 
the stairway.  
 Once the occupants enter the horizontal exit, they have reached the public way or area of 
refuge 
 All or most of the persons involved are free of disabilities that would significantly impede their 
ability to keep up with the movement of a group. 
 
Solution  
Stair:  SFPE HB: Table 4.2.4 boundary 6” on each side 
  We48=48”-12”= 36” 
Door: Boundary 6” on each side 
  We39=39”-12”=27” 
  We72=72”-12”=60” 
Corridor and horizontal Exit: 
We72=72”-12”=60” 
  We96=96”-12”=84” 
Maximum Specific Flow (Fsm) table 4.2.8 
Stairway Fsm= 18.5 person/min/ft 
Fs48=(36/12)* 18.5 person/min/ft = 55.5 person/min 
FPE Cumulating Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
Doorway Fsm= 24 person/min/ft 
Fs39=(27/12)* 24 person/min/ft = 54 person/min 
Fs72=(60/12)* 24 person/min/ft =120 person/min 
Doorways are the restricting pinch point for each stairway 
Corridors: 
Fs72=(60/12)* 24 person/min/ft = 120 person/min 
Horizontal Exits: 
Fs96=(84/12)* 24 person/min/ft = 168 person/min 
 
Using Equation 1: 
  S=k-akD 
  A= 2.86 ft^2/person 
  D=0.175 person/ft^2 
K= 212 
S= 212-(2.86*212*0.175)= 105 ft/min 
Stairway travel distance: 
  12’*1.85= 22.2 ft 
  Plus Landings (8’) 
  22.2’ + (2*8) = 38.2’ 
Travel time per floor 
  38.2’/105 ft/min = 0.36 min per floor 
Total population:  
4 floors is 1,511 persons 
  3 floors is 1,193 persons 
  Silo is  240 persons 
Pinch Points: 
48 “ Stairways, doorway: Fs48= 54 person/min (when exit stair ends on third floor) 
48 “ Stairways, doorway: Fs48=55 person/min person/min (Bottom doors are 72” so the 
pinch point is the stair) 
Horizontal Exit doorway: Fs 96” = 120 person/min 
Scenarios: 
 
o Case 1: All exits available 
o Case 2: Only Vertical exits are available 
o Case 3: Silo 
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SFPE Method 
Case 1: 
  
Fourth Floor: All occupants exit through stairs 
 Egress capacity= 55+ 55+ 54 = 164 person per minute 
 Since the pinch point is the stair the egress time is 
 163 persons/ 164 persons per minute + 0.36*1(egress to third  floor) = 1.35 minutes 
Third Floor:  
468 persons on the floor, 110 continue from floor above in stairway. 54 persons from 
above use the horizontal exits, plus 186 persons from the third floor, which equals 240 
persons. So 392 continue down the stair. 
 Stair capacity= 110 persons per minute 
 Horizontal Exit capacity= 240 persons per minute 
 Since the pinch point is the stair the egress time is 
392 persons/ 110 persons per minute + 0.36*1(egress to second floor) = 3.92 minutes 
Second Floor: 
562 persons on the floor, 392 continue from floor above in stairway. 240 persons utilize 
the horizontal exits on this floor. 322 persons utilize the stairway, since a new stairway 
is added a third of the persons choose this option, 214 choose to enter the stairways 
that continue from the stories above.  
Stair capacity= 110 persons per minute 
 Horizontal Exit capacity= 240 persons per minute 
Since the pinch point is the stair and the doorway in the horizontal exit the egress time 
is 
The addition stair: 108 persons/ 110 persons per minute + 0.36*1(egress to bottom 
floor) =1.34 minutes to the public way 
 For main stairways: 
606 persons/ 110 persons per minute + 0.36*1(egress to bottom floor) = 5.87 minutes 
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Total egress time = 5.87minutes 
Since the egress time at the second floor is the longest, the pinch points at the higher 
levels will reach the second floor before the queue at the second floor is reduced to 
zero.  
 
Case 2: 
 
Fourth Floor: All occupants exit through 2 main stairs 
 Egress capacity= 55+ 55 = 110 person per minute 
 Since the pinch point is the stair the egress time is 
 163 persons/ 110 persons per minute + 0.36*1(egress to third  floor) = 1.84 minutes 
Third Floor:  
468 persons on the floor, 163 continue from floor above in stairway.  
 Stair capacity= 110 persons per minute 
 Since the pinch point is the stair the egress time is 
631 persons/ 110 persons per minute + 0.36*1(egress to second floor) = 6.09 minutes 
Second Floor: 
562 persons on the floor, 631 continue from floor above in stairway. Since a new 
stairway is added a third of the persons choose this option, 375 persons choose to enter 
the stairways that continue from the stories above.  
Stair capacity= 110 persons per minute 
Since the pinch point is the stair the egress time is 
The addition stair: 187 persons/ 110 persons per minute + 0.36*1(egress to bottom 
floor) =2.06 minutes to the public way 
 For main stairways: 
1006 persons/ 110 persons per minute + 0.36*1(egress to bottom floor) = 9.5 minutes 
Total egress time = 9.5 minutes 
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Case 3: 
  Pinch points: 
   Door way at front of assembly 
   Door way at entrance to assembly hall 
 
Total egress capacity= 120 + 54 = 174 person per min 
   Egress time = 240 persons / 174 persons per min = 1.38 minutes 
  If 2/3 of occupants exited through main entrance: 
   Egress time = (2/3)*240 persons/ 54 persons per min =  2.96 minutes 
Paul’s Method  
 
Case 1:  
Total Population: Following the analysis above 606 persons will be the highest person load on a 
stairway 
  P= 606 persons 
Total Effective stairway width (we): 
 Stair:  Table 4.2.4 boundary 6” on each side 
  We48=48”-12”= 36” = .9144 m 
  We = .9144m *2 = 1.829 
 
 Using the equation that assumes that less than 800 persons use the stairs 
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 Case 2:  
Total Population: Following the analysis above 1006 persons will be the highest person load on a 
stairway 
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  P= 1006 persons 
Total Effective stairway width (we): 
 Stair:  Table 4.2.4 boundary 6” on each side 
  We48=48”-12”= 36” = 0.9144 m 
  We = .9144m *2 = 1.829 
 
 
 Using the equation that assumes that less than 800 persons use the stairs 
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Case 3: 
  Pinch points: 
   Door way at front of assembly 
   Door way at entrance to assembly hall 
 
  If 2/3 of occupants exited through main entrance: 
   Egress time = (2/3)*240 persons/ 54 persons per min =  2.96 minutes 
 
  P= 240 persons 
Total Effective stairway width (we): 
Doorway:  Table 4.2.4 boundary 6” on each side 
We39=39”-12”=27”= 0.6858 m 
   We72=72”-12”=60” = 1.5 m 
   
   We= 0.6858 + 1.5 = 2.186 m 
 
 Using the equation that assumes that less than 800 persons use the stairs 
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If 2/3 of occupants exited through main entrance: 
   Egress time = (2/3)*240 persons = 160 persons 
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 (   )          
Discussion of Uses and Limitations 
This solution makes several assumptions that may prove to be inadequate to take account for all human 
interactions.  An example of this would be the optimization of exits; persons who normally use elevators 
or may be unfamiliar to stair locations can decrease the ability to optimally choose a stair. Also the pre-
movement actions will add time to the egress time. This solution assumes that all persons immediately 
evacuate. The first order approximation was used in this solution. There are other forms of predicting 
the egress times that may or may not have significant deviations in egress time.  
If the jam density is reduced to 3.0 persons per m2 instead of 3.8 persons per m2 the egress times could 
be extended.  
Predicting human behavior in evacuating a building with several exit options has a higher level of 
uncertainty compared to a high rise with only a limited number of stairs. 
 
Tenability Example Calculations 
Scenarios: 
Case 1 – Steady state analysis 
CO concentration = 2,500 ppm (volumetric) 
CO2 concentration = 5% (volumetric) 
Case 2 – transient analysis 
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CO and CO2 concentration start at 0% at t = 0 
CO concentration increases at linear rate of 1,000 ppm/min 
CO2 concentration increases at linear rate of 1%/min 
Equations: 
Haber’s rule: Dose = Concentration * Exposure time  
      
Fractional Effective Dose: 
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Calculations: 
Case 1: Steady State 
SFPE Handbook Figure 2-6.5 
 At 2500 ppm of CO the time to incapacitation is about 11 minutes 
 Adding CO2 will reduce incapacitation times 
   (  )      (   )   (   )    (   )  
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  (  )   
 
  (  )
 
    F'(I) V(CO2) 
CO ppm 2500 0.0916   
CO2 % 5 0.028218 2.718282 
O2 % 20.90 0.000295   
 
F'(IN) 0.2493 1/min 
t(IN) 4.012009 min 
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Case 2: Transient Analysis 
Sum of each interval: 
  (  )    (   )   (   )    (   ) 
Running Total 
 (  )    (  )     
Time(min) CO ppm 
Curve Fit 
(average) 
CO2 % 
Curve fit 
(average) 
0 0 0 0 0 
1 1000 500 1 0.5 
2 2000 1500 2 1.5 
3 3000 2500 3 2.5 
4 4000 3500 4 3.5 
5 5000 4500 5 4.5 
6 6000 5500 6 5.5 
7 7000 6500 7 6.5 
8 8000 7500 8 7.5 
9 9000 8500 9 8.5 
10 10000 9500 10 9.5 
 
 
Time (min) 1 2 3 4 5 6 7 8 9 
CO ppm 500 1500 2500 3500 4500 5500 6500 7500 8500 
CO2 % 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 
O2 % 20.9 20.9 19.0 17.5 15.0 12.0 15.0 17.0 18.0 
F'(Ico) 0.017 0.054 0.092 0.130 0.168 0.207 0.246 0.286 0.325 
V(CO2) 1.105 1.350 1.649 2.014 2.460 3.004 3.669 4.482 5.474 
F'(Ico) *V(CO2) 0.019 0.073 0.151 0.261 0.414 0.623 0.904 1.281 1.781 
F'(Io2) 0.000 0.000 0.001 0.002 0.007 0.036 0.007 0.002 0.001 
Interval F'(IN) 0.019 0.073 0.152 0.263 0.421 0.659 0.911 1.283 1.783 
Running Total 
F(IN) 
0.019 0.093 0.244 0.508 0.929 1.588 2.499 3.782 5.565 
 
Time to incapacitation is approximately 5.11 minutes 
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Model Selection Factors: Pathfinder by Thunderhead Engineering 
 
Evacuation Model Type 
 
Is the model based on optimization, simulation, or risk assessment? 
 
Simulation: Pathfinder is a new evacuation simulation. 
 
Pathfinder uses agent-based artificial intelligence. Each occupant has individual traits, goals, and 
perceptions. This allows groups of occupants to organize themselves into natural flow patterns. 
As a result, occupant motion looks smooth and realistic 
 
Also each occupant chooses the nearest exit.  This may create a queue at one exit but, not a 
queue at an exit further away. 
 
Is the type of model suitable for the application? 
 
 Yes.  
 
 This program can produce a reasonable RSET value.  
 Using this program, there is the option of steering mode and SFPE Equations comparisons. 
 
Unlike flow-based cell-based models, Pathfinder uses techniques from current computer science 
research to model the movement of individuals, building on technology used in the gaming and 
computer graphics industries. Pathfinder provides the tools necessary to make confident 
decisions regarding building layout and fire protection system design. Multiple simulation 
modes and customizable occupant properties let you easily expel different scenarios, allowing 
calculation of conservative and optimistic bounds on expected evacuation times. 
 
 Steering mode and a mode based on calculations from the SFPE Handbook. 
 
 Fine tune occupant characteristics and customize the appearance of occupant groups. 
 
The movement technique used in Pathfinder, inverse steering, is a variant on this original 
steering technique that allows agents to evaluate the cost of moving in a particular direction. At 
each time step, agents move in the direction that minimizes the overall cost 
 
Pathfinder also includes an alternate movement model based on equations from the SFPE 
Engineering Guide on Human Behavior in Fire. Occupant motion follows the velocity profiles 
given by SFPE, while flow through doors is controlled by the SPFE flow assumptions. In this 
mode, Pathfinder reproduces a first-order hand calculation using the SFPE assumptions. This 
allows you to quickly evaluate a model using these widely-known movement assumptions, even 
for large, complex buildings 
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What are the limitations of the model with respect to the application? 
 
 Occupants may choose closest exit instead of available exit. 
For the large lecture hall occupants may go out side door since it is closer instead of using the 
main entrance. The main entrance should be able to handle 2/3 occupant load. 
 
Pathfinder 2011 does not integrate results from a fire model or provide support for complex 
behaviors (e.g. family grouping).  
 
Dynamic geometry is only partially supported (e.g. elevators are supported, but opening/closing 
doors, escalators, trains, etc. are not). 
 
 Elevators are supported in evacuation-only circumstances. They do not model a general-
purpose elevator system. 
 
Enclosure Representation 
 
Is the model based on a fine network or a course network? 
 
Individuals move through a coordinate based system 
 
 
View detailed charts of room occupancy and do usage. 
 
Automatically import geometry from a 2D and 3D DXF files, FDS, and PyroSim. 
 
How are different spaces and areas within spaces represented? 
 
 High-quality 3D representations  
 Characteristics of each space can be used such as cubicles, furniture, colors, etc. 
 
How are connections between spaces represented? 
  
Doorways, hallways, stairs 
 
How are obstructions within a space represented? 
  
3-D representation of the obstruction 
 
In Pathfinder, obstructions are modeled as holes in the navigation geometry. Holes can be 
created with an arbitrary polygonal shape or as thick walls. 
 
How do these representations influence the model results? 
 
 Model results are affected by obstructions increasing or decreasing time. 
 Also depending on mode can take into account or neglect situations 
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 Also adds variety and/or accuracy to a scenario  
 
How many nodes, connections, and obstructions can the model handle? 
 
 NA 
 
 
How are the data entered to represent spaces, connections, and obstructions? 
 
 Through either manually drawing in or by pre-entered blocks,  also can import files. 
 
Population Perspective 
 
Does the model use a global or an individual perspective? 
 
 Individual perspective 
 
If the perspective is global, what general characteristics of the population are represented? 
 
 General characteristics of the population can be entered. 
 
If the perspective is individual, what individual characteristics of the population are represented? 
 
 Age, walking speed, person size, gender, person appearance, delay 
 
How are the individual or global characteristics of the population entered in the model? 
 
 By randomization, general characteristics or by individual occupants 
 
Behavioral Perspective 
 
What type of behavioral perspective does the model employ— none, implicit, rule-based, functional 
analogy based, or artificial intelligence-based? 
 
Pathfinder uses agent-based artificial intelligence.  
 
How does the model treat people-people interactions and their effects on behavior? 
 
  Each occupant has individual traits, goals, and perceptions. 
 
How does the model treat people-enclosure interactions and their effects on behavior? 
 
 This allows groups of occupants to organize themselves into natural flow patterns. 
 There are buffers or occupant density requirements for each person, if chosen to do so. 
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This is a flow model, where walking speeds are determined by occupant density within each 
room and flow through doors is controlled by door width 
 
How does the model treat people-environment interactions and their effects on behavior? 
 
Behaviors can be changed to model a variety of situations. Options are wait time, go to a room, 
way point and others. 
 
How does the model address physiological factors that influence decision making? 
 
Behaviors can be changed to model a variety of situations. Options are wait time, go to a room, 
way point and others. Wait times can be extended or waypoints can be added to wait for people 
or go to a room to check first can be added.  
 
 
How does the model address psychological factors that influence decision making? 
 
Behaviors can be changed to model a variety of situations. Options are wait time, go to a room, 
way point and others. Wait times can be extended or waypoints can be added to wait for people 
or go to a room to check first can be added.  
 
 
How does the model address sociological factors that influence decision making? 
 
Groups can be organized . Behaviors can be changed to model a variety of situations. Options 
are wait time; go to a room, way point and others. Wait times can be extended or waypoints can 
be added to wait for people or go to a room to check first can be added.  
Model Validation 
 
Has the model been validated? If so, how and to what extent? 
 
Yes.( http://www.thunderheadeng.com/wp-content/plugins/download-
monitor/download.php?id=15)  
  
Each test case in this chapter is executed using three different configurations (modes) based on 
the Behavior Mode option and the Add Basic Collisions option (SFPE mode only) in Pathfinder's 
Simulation Parameters dialog. An SFPE simulation is run with a Behavior Mode selection of SFPE, 
an SFPE+ simulation is run with a Behavior Mode selection of SFPE and Add Basic Collisions 
active, a Steering simulation is run with a Behavior Mode selection of Steering. In each case, all 
other simulator options are left at the default setting unless otherwise specified. 
 
 
How has the model validation been reported? 
 
 Comparisons to experiments, to other simulators and to hand calculations. 
To compare overall behavior of the results to real life scenarios, real evacuations scenarios are 
created. The results generated by pathfinder are compared to independent researchers.  
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Appendix D: Fire Alarm and Detection System 
Floor plans with current system 
Comparison to a complete coverage system 
Floor plans with complete coverage system 
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For Complete Coverage 
The current system does not provide complete coverage. This section is to provide recommendations 
and comparison to a complete coverage system for the Business Building.  
New Fire Alarm Detection System 
A new design of the Fire Alarm Detection was recommended. Below are the basis for the design 
that was used to meet current NFPA 2010 National Fire Alarm and Signaling Code.. The specifics 
of the new design are described below as well as the performance based analysis of the 
detection system. 
Spacing of detectors: 
In rooms less than 30 feet by 30 feet, the detector should be placed in the center of the room or 
at the furthest point, not greater than 21 feet. 
Hallways with widths of 10 feet should be placed every 41 feet. The hallways are 8-10 feet wide 
throughout the building 
 In bathrooms, the detectors and signaling devices are required to be waterproof 
Please see Appendix A for the new spacing according to NFPA 72 National Fire Alarm and 
Signaling Code, 2010 edition. 
Table 1: Updated Detectors 
Locations  Name Type Manufacturer Specifics Number 
Original 
Number 
In Hallways 
and rooms 
FSP-851 
Intelligent 
Plug-In 
Photoelectric 
Notifier 
Fixed Temperature 
135F(57C)  
215 16 
In FACP, 
storage and 
mechanical 
rooms 
5251P  
Fixed 
Temperature 
Thermal 
detector 
System 
Sensor 
Activation Temp of 135 F 
(57C) also ROR of 15F(9.4C) 
per min 
10 4 
In circular 
reception area 
on 3rd floor 
5451 
Fixed 
Temperature 
Thermal 
detector 
Notifier 
Activation Temp of 135 F 
(57C) also ROR of 15F(9.4C) 
per min 
1 1 
Duct Detector 
4098-
9755 
Photoelectric 
Sensor 
Simple 
0.2% - 3.7% per foot of 
obscuration 
5 5 
       
For more information please see data sheets in appendix   
For exact locations please see attached plan drawings 
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Table 2: Type of detectors by floor and type of room 
Floor SD in rooms 
SD in 
hallways 
Heat 
detectors 
Duct 
Detectors 
1 21 5 4 2 
2 19 6 0 0 
3 58 14 4 2 
4 70 14 1 1 
Silo 6 2 1 1 
 174 41 10 6 
 
Determine if Visual requirements are met: 
Current visual devices use a candela rating of 75. This rating has the ability to cover a 45’ by 45’ room. In 
order to meet requirements every room requires at least one strobe device that is designed to cover the 
entire open space.  
Several rooms did not meet the requirements so a new layout was designed. This layout is in appendix A 
Several of the rooms are able to use the smaller 30 candela setting on the current device, which cover a 
28’ by 28’ space.  
: 
Table 3: Summary of Visual Device Additions 
 
Visual Devices 
 
Old new 
Floor 
75 cd 
Strobe 
75 cd 
Strobe 
30 cd 
Strobe 
1 5  4 10  
2 4  11 13  
3 8  11 48  
4 9  12 59  
silo 2 3   0 
 
Determine if Audible Requirements are met:   
Currently the horn used for the Fire Alarm notification system has a dBA rating of 82 at 10 feet. An 
Analysis was performed using the SFPE handbook and NFPA code requirements. The code requires a 15 
dBA above ambient and a educational occupancies has an ambient level of 45 dBA. This means that from 
every location there should be a sound level of 60 dBA heard.  
The farthest location from a horn is at 30 feet, which without partitions the code is satisfied with a 
measurement of 73 dBA (70 at 40 feet). However since office doors can be closed a reduction of 17 dBA 
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needs to be taken into account. This lowers the sound level to 56 which is below the recommended 
level.  
There are two options. One is to install multi-use notification devices and the second is to justify that it 
will still be above ambient and there will be a visual notification in the space.   
A new layout has been designed and in the spaces that do not meet the sound level multi-use 
notification devices were installed.  The new layout is located in Appendix A. 
 
Table 4: Summary of Audible Device Additions 
 
Audible Devices 
Floor Old New 
1 5 12  
2 4  13 
3 8  17 
4 9  15 
silo 2 3  
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Appendix E: Water-Based Suppression System 
Water Characteristics 
Example Design 
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 Automatic Fire Sprinkler System Design Criteria and Example Layout 
NFPA 13 Standard for the Installation of Sprinkler Systems is referenced in this section. 
 
Designing Sprinkle system:  
As= S*L 
Table 8.6.2.2.1(a) Protection areas and max spacing for light hazard 
  Protection area 200 ft^2 
  Max sprinkler spacing 15 ft 
S= L= 15 ft 
 Minimum distance from walls: 4 in 8.6.3.3 
 Minimum distance between sprinklers 6 ft 
 
Since the original construction of the building was based on an old connection that did not provided 
enough flow or pressure that the structure required a fire pump. Since the new water source has been 
establish with sufficient flow and pressure the fire pump has been removed.  
On the next page shows the nearest known water source with static, residual and flow data. Also there 
are reasons supporting why using similar or the same data is justifiable.  
Closest know water data. 
Engineering 4:  
Static: 80 psi 
Residual: 65 psi 
 Flow: 1244 gpm 
 
Water Supply Data: 
Because of age, location no sprinkler system in building or buildings surrounding there are no 
records available for a recent flow test. Dramatic changes to the campus have been made to 
the system regarding water supply. Closest know water supply is shown below. Conclusions are 
that the Business Building water supply would be equal or greater to the Engineering 4 water 
supply. If the Business Building were to actually be retrofitted for fire sprinklers an actual series 
of flow tests would be required.  
Fire Sprinkler Occupancy Classification 
The business building consists of 4 stories, which include educational, office and lecture hall 
occupancies. The entire building can be classified as a light hazard occupancy which means that the 
expected heat release rate is low. 
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There is some special case occupancy such as concealed spaces and elevators. The concealed spaces are 
the space above the ceiling panels and some low hazard machine and storage rooms.  There is one 
elevator that services all four floors. 
The building was constructed before fire sprinklers were mandatory and since then the building has 
been ‘grandfathered’ in. A retrofit may or may not be necessary and a further study will need to be 
performed by a professional certified to make that decision. For the interest of this project it has been 
assumed that the building will be retrofitted, therefore a fire sprinkler system needs to be designed. 
The current system relies on a two standpipe system; a wet standpipe and a dry standpipe. The wet 
standpipe is for the hose allowances inside the building, when the building was constructed there were 
originally fire hoses in the cabinets.  Since the hoses are unreliable and the fire department utilizes their 
own hoses they were removed and replace with fire extinguishers.  The dry pipe system consists of 
three risers, one in each of the stair wells. At each level there is a fire department connection of 2 ½”.  
The following pages are floor plans that layout the business building uses and occupancies. It was 
determined that all four floors fall under light hazard occupancy, except for the elevators which require 
design criteria specified by the code. Below is a table that breaks down the recommended sprinklers and 
the design criteria for the fire sprinkler system. 
Table 1: Calculation Design Information 
CALCULATION DESIGN 
INFORMATION 
AREA NAME BUSINESS BUILDING  
HAZARD LIGHT 
DENSITY 0.10 GPM/ SQ. FT 
% AREA REDUCTION   
AREA OF OPERATION 1500 SQ. FT 
AREA PER HEAD 225 SQ. FT. MAX 
HOSE ALLOWANCE (GPM)   
  INSIDE  0, 50, 100 
  OUTSIDE 0, 50, 100 
  TOTAL 100 
DURATION (MINS) 30 
SYSTEM DEMAND 
PSI REQUIRED ?  
GPM REQUIRED ?  
PSI AVALIABLE ? 
SAFETY MARGIN ? 
    
SYSTEM: WET 
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Table 1: Sprinkler Head Legend 
SPRINKLER HEAD LEGEND SYMBOL ORIFICE 
K-
FACTOR 
HEAD 
FINISH 
PLATE 
FINISH 
TEMP. 
RELIABLE MODEL F1FR UPRIGHT ON 1" SPRIG/ 
SIN#3625   
1/2" 5.6 BRASS N/A 155 
RELIABLE MODEL F1FR UPRIGHT ON 1" SPRIG/ 
SIN#3626   
1/2" 5.6 BRASS N/A 200 
RELIABLE MODEL G4A CONCEALED PENDENT SIN 
#5415   
1/2" 5.6 BRASS WHITE 155 
RELIABLE MODEL F1FR HORIZONTAL SIDEWALL SIN 
# 3635   
1/2" 5.6 BRASS N/A 200 
The table above will be used to determine the specific requirements throughout the building depending 
on location. Once the number of sprinkler heads and locations are determined a required flow rate and 
pressure can be determined. 
Although there may be electronics in the rooms a recessed sprinkler is used to prevent accidental 
sprinkler activations. This would negate installing a more expensive dry pipe system that requires 
increase costs of maintenance and longer lag time to the fire. 
Risers: 
Dry pipe connections: 2 ½” located inside stairwells 
Wet pipe (inside fire hose cabinets) connections: 1 ½” 
Fire Department connections: 2 ½” Siamese connections 
 
Design assumptions: 
Cross mains: 4” 
Branch Lines: 1 ¼“ and 1 ½” and unless otherwise noted 
Riser 6” 
Reduction due to ceiling height: 40%   based on 10’ ceilings except for lecture hall 
Area of operation 1500ft^2 * 0.40 = 1119.5 ft^2 
Attached are floor plans that have been designed to include sprinklers. 
Table 3: Sprinkler Recommendation 
SPRINKLER HEAD LEGEND SYMBOL 
Floor 
1 
Floor 
2 
Floor 
3 
Floor 
4 
Total 
RELIABLE MODEL F1FR UPRIGHT ON 1" 
SPRIG/ SIN#3626   
12 4 10 5 31 
RELIABLE MODEL G4A CONCEALED 
PENDENT SIN #5415   
95 159 181 137 572 
RELIABLE MODEL F1FR HORIZONTAL 
SIDEWALL SIN # 3635   
1 0 0 1 2 
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Assumptions: 
K- factor 5.6 
Protection Area: 225 sq. ft. per head maximum  
Minimum Discharge Density: 0.10 gpm per sq. ft. 
Spacing- see plan drawings 
All piping Schedule 40 steel C= 120 
Wet-pipe system 
Light hazard 
Riser 6”   
4-Stories, building has 3 risers 
Cross mains: 4” 
Branch lines: 1 ¼” to 1 ½”  
 
Possible Reduction: 
 due to ceiling height: 40%   based on 10’ ceilings except for lecture hall 
Area of operation 1500ft^2 * 0.40 = 1119.5 ft^2 
Not used for calculations due to range in ceiling heights and to increase safety factor, can be 
used to reduce demand if supply is not sufficient for demand 
Designing Sprinkle system:  
As= S*L 
Table 8.6.2.2.1(a) Protection areas and max spacing for light hazard 
  Protection area 200 ft^2 
  Max sprinkler spacing 15 ft 
S= L= 15 ft 
 Minimum distance from walls: 4 in 8.6.3.3 
 Minimum distance between sprinklers 6 ft 
 
Hydraulic Calculations: 
Total Sprinklers to calculate = Design area/ Area per sprinkler 
 =1500 sq. ft./ 200 sq. ft. per sprinkler 
 = 7.5= 8 sprinklers 
*Use 200 ft^2 for design area per sprinkler, more conservative and acceptable value. 
*Use 1500ft^2 for design area, the design area can be reduced to 1119.5 ft^2. However 
to reduce error and increase factor of safety due to changes in ceiling heights. 
 
Length of one side of design area rectangle: 
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 (
     √    
  
)                   
Possible most hydraulically demanding areas:  
4th floor: Highest floor with multiple small office occupancy. See hydraulic calculation 1. 
3rd Floor Large Classroom Sq. ft. areas. See Hydraulic Calculation 2. 
Silo Large protection area away from main building. See Hydraulic Calculation 3.  
Calculation 1: 
 Number of sprinklers: 8 
 Fittings: 4 crosses (1 ¼” to 4”), T on cross-main(4”) , T to riser (4” – 6”)  
 Nominal Pipe Diameters: BL1 1 ¼”, BL2 1 ¼”, BL3 1 ¼”, BL4 1 ¼”, Cross-main 4” Riser 6” 
 Elevation Change to base of riser: 52.5 feet 
 
Calculation 2: 
Number of sprinklers: 8 
 Fittings: 4 crosses (1 ¼” to 4”), T on cross-main(4”) , T to riser (4” – 6”) 
 Nominal Pipe Diameters: BL1 1 ¼”, BL2 1 ¼”, BL3 1 ¼”, BL4 1 ¼”, Cross-main 4” Riser 6” 
 Elevation Change to base of riser: 41.5 feet 
 
Calculation 3: 
Number of sprinklers: 8 
 Fittings: 2XCross (1 ¼” – 4”), T to riser (4” – 6”) 
 Nominal Pipe Diameters: BL1 1 ¼”, BL2 1 ¼”, Cross-main 4”, riser 6” 
 Elevation Change to base of riser: 26 feet 
 
Table 4: Hydraulic Calculation Summary: 
Hydraulic Calculations 
HydCalc 
Pressure 
Demand 
(psi) 
Flow 
Demand 
(gpm) 
Equivalent 
K factor 
1 41.2 162.5 25.33 
2 35.8 162.4 27.15 
3 28.8 229.1 42.69 
Following are floor plans using sprinkler recommendations and designs 
in this Appendix. 
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Appendix F: Passive and Structural Fire Protection 
FPE Cumulating Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
Structural/ Passive Fire Protection 
Please see appendix A for floor plans with that highlight location of fire-resistance rated walls. 
Construction Type: II FR (based on details) 
Structural Frame 2 hour 
Shaft Enclosures: 2 hour 
Floors: 2 hour 
Exterior non-bearing walls: non-combustible walls and non-rated opening protection 
Unsprinklered 
Allowable building area (referencing plan details):  39,900 Ft^2 (mulit-story) X 1.5 (separation 
on two sides)    =   119,700 ft^2 
 
Walls: 
Non-Combustible GWB Partition 
1-hour rated GWB Partition 
2-hour rated GWB Partition 
2- hour rates shaft wall 
Acoustic Isolation double stud wall 
Concrete wall 
 
Fire Proofing: 
Columns: 
 WF 14 x 38 2-hour UL #X723 
 WF14 x 257 and larger  2-hour  UL #X704 
 ALL other WF 2-hour  UL #X701 
 Steel Tubes  4 x4 x 3/16  2-hour  Min: UL # X771 
 
 
Floors: 
 Steel Decks  2-hour UL #D739 
Beams: 
 Primary Beams 2-hour UL #N706 
 Secondary Beams 2-hour UL #N706 
 Use contour profile 
Roof: 
 Primary Beams 2-hour UL #S701 
 Secondary Beams 1-hour UL #S701 
 Roof Deck 1-hour UL #P711 
 Steel Pipe Beam 2-hour UL #X771 
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Fourth Floor  
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Third Floor 
FPE Cumulating Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
 
Second Story 
FPE Cumulating Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
 
First Floor  
 
FPE Cumulating Project FIRE PROTECTION ANALYSIS OF THE ORFALEA COLLEGE OF BUSINESS BUILDING (#3) 
 
Appendix G: FDS Input Files 
Scenario 1: Corridor 
Scenario 2: Room 
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FDS SCENARIO 1 
&HEAD CHID='Corridor', TITLE='Business Building Scenario 1'/ 
&MESH IJK=250,10,15, XB= 0.0, 50.0, 0.0,  2.0, 0.0, 2.7 / 
&MESH IJK=135, 50,15, XB= 11.0, 38.0, 2.0, 12.0, 0.0, 2.7 / 
 
&TIME T_END=1200. / 
 
&MISC SURF_DEFAULT='WALL'/ 
&MISC CO_PRODUCTION=.TRUE./ 
 
&REAC ID         = 'POLYURETHANE' 
      FYI        = 'C_6.3 H_7.1 N O_2.1, NFPA Handbook, Babrauskas and Tewarson SFPE Handbook 3rd ed, 
      SFPE handbook table 3-4.14, p. 3-112' 
      SOOT_YIELD = 0.10 
      N          = 0.5 
      C          = 6.3 
      H          = 7.1 
      O          = 2.1 
 HEAT_OF_COMBUSTION = 16000.0, 
 CO_YIELD =0.02776, 
 MASS_EXTINCTION_COEFFICIENT =8700.0, 
 VISIBILITY_FACTOR =8.00/ 
 
&RADI RADIATIVE_FRACTION=0.4 / 
 
&SURF ID='BURNER', HRRPUA=1800., TAU_Q=-150, COLOR='RED'/  Tsquared fire FAST 
 
&MATL ID            = 'GYPSUM PLASTER' 
      FYI           = 'Quintiere, Fire Behavior' 
      CONDUCTIVITY  = 0.48 
      SPECIFIC_HEAT = 0.84 
      DENSITY       = 1440. / 
 
&SURF ID             = 'WALL' 
      RGB            = 200,200,200 
      MATL_ID        = 'GYPSUM PLASTER' 
      THICKNESS      = 0.012 / 
 
&SURF ID             = 'UPHOLSTERY' 
      FYI            = 'Fleischmann and Chen, 100% acrylic' 
      COLOR          = 'PURPLE' 
      BURN_AWAY      = .TRUE. 
      MATL_ID   = 'FABRIC' 
      THICKNESS  = 0.1 / 
 
&MATL ID                    = 'FABRIC' 
      FYI                   = 'Fleischmann and Chen, 100% acrylic' 
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      SPECIFIC_HEAT         = 1.0 
      CONDUCTIVITY          = 0.1 
      DENSITY               = 40.0 
      N_REACTIONS           = 1 
      NU_FUEL               = 1. 
      REFERENCE_TEMPERATURE = 265. 
      HEAT_OF_REACTION      = 3000. 
      HEAT_OF_COMBUSTION    = 30000. / 
 
&SURF ID             = 'PLASTIC' 
      FYI            = '' 
      COLOR          = 'BLACK' 
      BURN_AWAY      = .TRUE. 
      MATL_ID(1:2,1) = 'PL' 
      THICKNESS(1:2) = 0.008 / 
 
&MATL ID                    = 'PL' 
      FYI                   = '' 
      SPECIFIC_HEAT         = 1.0 
      CONDUCTIVITY          = 0.05 
      DENSITY               = 40.0 
      N_REACTIONS           = 1.0 
      NU_FUEL               = 1.0 
      REFERENCE_TEMPERATURE = 280. 
      HEAT_OF_REACTION      = 1500. 
      HEAT_OF_COMBUSTION    = 30000. / 
 
&MATL ID                    = 'FIR' 
      FYI                   = 'Properties from mod 8 comp' 
      SPECIFIC_HEAT         = 2.7 
      CONDUCTIVITY          = 0.11 
      DENSITY               = 420 / 
  
&SURF ID                    = 'WOOD'    
      MATL_ID               = 'FIR' 
      COLOR                 = 'BURLY WOOD' 
      THICKNESS             = 0.0125  
      HRRPUA                = 150        
      IGNITION_TEMPERATURE  = 260.       
      HEAT_OF_VAPORIZATION  = 1820./ 
 
Furniture 
&OBST XB= 32.0, 34.80, 4.40, 5.90, 0.00, 0.40, SURF_ID='WOOD' / 
&OBST XB= 32.00, 34.80, 4.40, 5.90, 0.40,0.60, SURF_ID='UPHOLSTERY' / Couch, seat cushions 
&OBST XB= 31.80, 32.0, 4.40, 5.90, 0.00, 0.90, SURF_ID='UPHOLSTERY' / Couch, armrest 
&OBST XB= 34.80, 35.0, 4.40, 5.90, 0.00, 0.90, SURF_ID='UPHOLSTERY' / Couch, armrest 
&OBST XB= 32.0, 35.0, 5.70, 5.90, 0.60, 1.10, SURF_ID='UPHOLSTERY' / Couch, back cushions 
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&OBST XB= 32.0, 37.0, 5.9, 5.95, 1.20, 2.5, SURF_ID='WOOD' /wall display 
&OBST XB= 36.5, 37.5, 4.70, 5.8, 0.40, 0.60, SURF_ID='WOOD' / Table 
&OBST XB= 35.2, 36.2, 4.50, 5.5, 0.00, 1.0, SURF_ID='PLASTIC' /trashcan1 
&OBST XB= 36.3, 37.8, 3.5, 4.4, 0.00, 0.40, SURF_ID='WOOD' / 
&OBST XB= 36.3, 37.8, 3.5, 4.4, 0.40, 0.60, SURF_ID='UPHOLSTERY' / Chair,  seat cushion 
&OBST XB= 36.30, 37.70, 4.4, 4.6, 0.00, 0.90, SURF_ID='UPHOLSTERY' / Chair right armrest 
&OBST XB= 36.30, 37.70, 3.3, 3.5, 0.00, 0.90, SURF_ID='UPHOLSTERY' / Chair left armerest 
&OBST XB= 37.70, 37.90, 3.3, 4.6, 0.60, 1.20, SURF_ID='UPHOLSTERY' / Chair, back cushion 
&OBST XB= 36.3, 37.8, 2.2, 3.0, 0.00, 0.40, SURF_ID='WOOD' / 
&OBST XB= 36.3, 37.8, 2.2, 3.0, 0.40, 0.60, SURF_ID='UPHOLSTERY' / Chair,  seat cushion 
&OBST XB= 36.30, 37.70, 3.0, 3.2, 0.00, 0.90, SURF_ID='UPHOLSTERY' / Chair right armrest 
&OBST XB= 36.30, 37.70, 2.0, 2.2, 0.00, 0.90, SURF_ID='UPHOLSTERY' / Chair left armerest 
&OBST XB= 37.70, 37.90, 2.0, 3.2, 0.60, 1.20, SURF_ID='UPHOLSTERY' / Chair, back cushion 
&OBST XB= 30.1, 31.6, 7.8, 11.8, 0.00, 2.60, SURF_ID='WOOD' /bookcase 
&OBST XB= 6.0, 44.0, 0.0, 0.1, 0.00, 0.8, SURF_ID='WOOD' /wall lining 
&OBST XB= 38.1, 42.0, 0.0, 0.1, 1.40, 2.0, SURF_ID='WOOD' /wall display 
&OBST XB= 28.0, 32.0, 0.0, 0.1, 1.40, 2.0, SURF_ID='WOOD' /wall display 
&OBST XB= 18.0, 22.0, 0.0, 0.1, 1.40, 2.0, SURF_ID='WOOD' /wall display 
&OBST XB= 26.0, 28.0, 1.9, 2.0, 1.40, 2.0, SURF_ID='WOOD' /wall display 
&OBST XB= 22.0, 23.5, 1.9, 2.0, 1.40, 2.0, SURF_ID='WOOD' /wall display 
 
ALCOVE 
&OBST XB= 13.5, 17.0, 4.9, 5.9, 0.00, 2.40, SURF_ID='WOOD' /bookcase 
&OBST XB= 17.2, 18.2, 4.9, 5.5, 0.00, 1.2, SURF_ID='PLASTIC' /trashcan2 
&OBST XB= 18.4, 19.6, 4.2, 6.5, 0.40, 0.60, SURF_ID='WOOD' / Table 
 
&OBST XB= 18.1, 19.6, 3.0, 4.0, 0.00, 0.40, SURF_ID='WOOD' / 
&OBST XB= 18.1, 19.6, 3.0, 4.0, 0.40, 0.60, SURF_ID='UPHOLSTERY' / Chair,  seat cushion 
&OBST XB= 18.10, 19.40, 4.0, 4.2, 0.00, 0.90, SURF_ID='UPHOLSTERY' / Chair right armrest 
&OBST XB= 18.10, 19.40, 2.8, 3.0, 0.00, 0.90, SURF_ID='UPHOLSTERY' / Chair left armerest 
&OBST XB= 19.40, 19.60, 2.8, 4.2, 0.60, 1.20, SURF_ID='UPHOLSTERY' / Chair, back cushion 
 
Fire 
&VENT XB= 33.50, 34.50, 4.50, 5.50, 0.60,0.60, SURF_ID='BURNER' / Ignition source on couch 
 
Walls 
&OBST XB=  5.0,  5.0, 0.0,  2.0, 0.0, 2.7, SURF_ID='WALL' / 
&OBST XB=  5.0,  12.0, 2.0,  2.0, 0.0, 2.7, SURF_ID='WALL' / 
&OBST XB=  12.0,  12.0, 2.0,  12.0, 0.0, 2.7, SURF_ID='WALL' / 
&OBST XB=  20.0,  20.0, 2.0,  12.0, 0.0, 2.7, SURF_ID='WALL' / 
&OBST XB=  12.0,  20.0, 6.0,  6.0, 0.0, 2.7, SURF_ID='WALL' / 
&OBST XB=  20.0,  30.0, 2.0,  2.0, 0.0, 2.7, SURF_ID='WALL' / 
&OBST XB=  30.0,  30.0, 2.0,  12.0, 0.0, 2.7, SURF_ID='WALL' / 
&OBST XB=  30.0,  38.0, 6.0,  6.0, 0.0, 2.7, SURF_ID='WALL' / 
&OBST XB=  38.0,  38.0, 2.0,  12.0, 0.0, 2.7, SURF_ID='WALL' / 
&OBST XB=  48.0,  48.0, 0.0,  2.0, 0.0, 2.7, SURF_ID='WALL' / 
&OBST XB=  24.0,  24.0, 2.0,  12.0, 0.0, 2.7, SURF_ID='WALL' / 
&OBST XB=  20.0,  24.0, 5.0,  5.0, 0.0, 2.7, SURF_ID='WALL' / 
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Doors 
&VENT XB= 0.0, 0.0 ,0.2, 1.3, 0.0, 2.1, SURF_ID='OPEN' / door to exterior of domain 
&VENT XB= 50.0, 50.0 ,0.2, 1.3, 0.0, 2.1, SURF_ID='OPEN' / door to exterior of domain 
&HOLE XB= 4.9, 5.1, 0.5, 1.6, 0.0, 2.1 / Open Door to stair 
&HOLE XB= 47.9, 48.1, 0.5, 1.6, 0.0, 2.1 / Open Door to stair 
&HOLE XB= 12.1, 13.2 ,5.9, 6.1, 0.0, 2.1 / Open Door 
&HOLE XB= 23.9, 24.1 ,2.2, 3.3, 0.0, 2.1 / Open Door 
&HOLE XB= 23.9, 24.1 ,8.9, 10.0, 0.0, 2.1 / Open Door 
&HOLE XB= 29.0, 30.1 ,2.9, 4.0, 0.0, 2.1 / Open Door 
&HOLE XB= 30.4, 31.5 ,5.9, 6.1, 0.0, 2.1 / Open Door 
 
Output 
 
&DUMP DT_DEVC=10., DT_HRR=10. / 
 
&PROP ID='Smoke Detector', QUANTITY='CHAMBER OBSCURATION',LENGTH=1.8, 
ACTIVATION_OBSCURATION = 4.9 / 
 
&DEVC ID='SD_FIRE_ALCOVE', XYZ= 34.0, 2.5, 2.6, PROP_ID='Smoke Detector' / 
&DEVC ID='SD_NONFIRE_ALCOVE', XYZ= 15.0, 2.5, 2.6, PROP_ID='Smoke Detector' / 
&DEVC ID='SD END_OF_CORRIDOR', XYZ= 6.0, 1.0, 2.6, PROP_ID='Smoke Detector' / 
 
&PROP ID='Acme Heat', 
      QUANTITY='LINK TEMPERATURE', 
      RTI=150., 
      ACTIVATION_TEMPERATURE=57. / 
 
&DEVC XYZ=33.0,2.5,2.6, PROP_ID='Acme Heat', ID='HEAT_DETECTOR_FIRE_ALCOVE' / 
&DEVC XYZ=15.5,2.5,2.6, PROP_ID='Acme Heat', ID='HEAT_DETECTOR_NONFIRE_ALCOVE' / 
&DEVC XYZ=6.5, 1.0, 2.6, PROP_ID='Acme Heat', ID='HEAT_DETECTOR END_OF_CORRIDOR' / 
 
&DEVC XYZ=32.0,2.5,1.8, QUANTITY='THERMOCOUPLE', ID='TC_TOP_FIRE_ALCOVE' / 
&DEVC XYZ=32.0,2.5,1.0, QUANTITY='THERMOCOUPLE', ID='TC_MID_FIRE_ALCOVE' / 
&DEVC XYZ=32.0,2.5,0.5, QUANTITY='THERMOCOUPLE', ID='TC_LOW_FIRE_ALCOVE' / 
&DEVC XYZ=15.0,2.5,1.0, QUANTITY='THERMOCOUPLE', ID='TC_MID_NONFIRE_ALCOVE' / 
 
&DEVC XYZ=6.0,1.0,1.8, QUANTITY='THERMOCOUPLE', ID='TC_TOP_EXIT' / 
&DEVC XYZ=6.0,1.0,0.8, QUANTITY='THERMOCOUPLE', ID='TC_mid_EXIT' / 
 
&DEVC XYZ=44.0,1.0,1.8, QUANTITY='THERMOCOUPLE', ID='TC_TOP_EXIT' / 
&DEVC XYZ=44.0,1.0,0.8, QUANTITY='THERMOCOUPLE', ID='TC_mid_EXIT' / 
 
&DEVC XB=35.0,35.2,2.0,3.0,0.0,2.7, QUANTITY='LAYER HEIGHT', ID='SMOKE_FIREALCOVE' /  
&DEVC XB=15.1,15.3,1.3,1.5,0.0,2.7, QUANTITY='LAYER HEIGHT', ID='SMOKE_NONFIREALCOVE' / 
 
 
&DEVC XYZ= 32.0, 2.5, 2.4, ID='OD_FIRE_ALCOVE', QUANTITY='OPTICAL DENSITY'/ 
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&DEVC XYZ= 15.0, 2.5, 2.4, ID='OD_Corridor', QUANTITY='OPTICAL DENSITY'/ 
&DEVC XYZ= 6.0, 1.0, 2.4, ID='OD END_OF_CORRIDOR', QUANTITY='OPTICAL DENSITY'/ 
 
&SLCF PBZ=1.5, QUANTITY='VOLUME FRACTION', SPEC_ID='SOOT' / mol per mol 
&SLCF PBZ=1.5, QUANTITY='DENSITY', SPEC_ID='SOOT' / mg per m3 
&SLCF PBZ=1.5, QUANTITY='EXTINCTION COEFFICIENT' / K, m^-1 
&SLCF PBZ=1.5, QUANTITY='VISIBILITY' / S = C/K, m  
 
&DEVC ID='PointCO0 corridor ', QUANTITY='carbon monoxide', XYZ=6.0,1.0,1.8/  
&DEVC ID='PointCO0 fire room ', QUANTITY='carbon monoxide', XYZ=33.0,6.5,1.8/ 
 
&SPEC ID='MY SMOKE', 
MW=29., 
MASS_EXTINCTION_COEFFICIENT     =8700./  
 
&SLCF PBX=2.65, QUANTITY='VISIBILITY', SPEC_ID='MY SMOKE' / 
&SLCF PBX=45, QUANTITY='VISIBILITY', SPEC_ID='MY SMOKE' / 
&SLCF PBY=1.0, QUANTITY='VISIBILITY', SPEC_ID='MY SMOKE' / 
 
 
Smokeview output 
 
&BNDF QUANTITY='WALL TEMPERATURE'/ 
&BNDF QUANTITY='GAUGE HEAT FLUX'/ 
&SLCF PBY= 1.8, QUANTITY='HRRPUV' / Heat Release Rate per Unit Volume 
 
&SLCF PBX= 35.0, VECTOR=.TRUE., QUANTITY='TEMPERATURE'/ 
&SLCF PBY= 1.0, VECTOR=.TRUE., QUANTITY='TEMPERATURE'/ 
&SLCF PBY=7.0, VECTOR=.TRUE., QUANTITY='TEMPERATURE'/ 
&SLCF QUANTITY='carbon monoxide', PBZ=1.00/ 
&SLCF QUANTITY='carbon monoxide', PBZ=1.80/ 
&SLCF QUANTITY='extinction coefficient', PBZ=1.80/ 
&SLCF QUANTITY='soot', PBZ=1.80/ 
&SLCF QUANTITY='soot density', PBZ=1.80/ 
&SLCF QUANTITY='soot volume fraction', PBZ=1.80/ 
 
&TAIL / 
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FDS Scenario 2 
&HEAD CHID='Room', TITLE='Business Building Scenario 2'/ 
 
&MESH IJK=250, 10, 24, XB= 0.0, 50.0, 0.0,  2.0, 0.0, 4.2 / 
&MESH IJK=180, 50, 24, XB= 9.0, 45.0, 2.0, 12.0, 0.0, 4.2 / 
 
&TIME T_END=1500. / 
 
&MISC SURF_DEFAULT='WALL'/ 
&MISC CO_PRODUCTION=.TRUE./ 
 
&RADI RADIATIVE_FRACTION=0.4 / 
&REAC ID         = 'PROPENE' 
 
      FYI        = 'Propylene, C_3 H_6' 
      C          = 3. 
      H          = 6. 
      SOOT_YIELD = 0.02  
 HEAT_OF_COMBUSTION =  46450.0,   
 MASS_EXTINCTION_COEFFICIENT =8700.0/ 
 
&SURF ID='BURNER', HRRPUA=2000., TAU_Q=-150, COLOR='RED'/  Tsquared fire 
 
&MATL ID            = 'GYPSUM PLASTER' 
      FYI           = 'Quintiere, Fire Behavior' 
      CONDUCTIVITY  = 0.48 
      SPECIFIC_HEAT = 0.84 
      DENSITY       = 1440. / 
 
&SURF ID             = 'WALL' 
      RGB            = 200,200,200 
      MATL_ID        = 'GYPSUM PLASTER' 
      THICKNESS      = 0.012 / 
 
&SURF ID             = 'UPHOLSTERY' 
      FYI            = 'Fleischmann and Chen, 100% acrylic' 
      COLOR          = 'PURPLE' 
      BURN_AWAY      = .TRUE. 
      MATL_ID   = 'FABRIC' 
      THICKNESS  = 0.1 / 
 
&MATL ID                    = 'FABRIC' 
      FYI                   = 'Fleischmann and Chen, 100% acrylic' 
      SPECIFIC_HEAT         = 1.0 
      CONDUCTIVITY          = 0.1 
      DENSITY               = 40.0 
      N_REACTIONS           = 1 
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      NU_FUEL               = 1. 
      REFERENCE_TEMPERATURE = 265. 
      HEAT_OF_REACTION      = 3000. 
      HEAT_OF_COMBUSTION    = 30000. / 
 
&SURF ID             = 'PLASTIC' 
      FYI            = '' 
      COLOR          = 'BLACK' 
      BURN_AWAY      = .TRUE. 
      MATL_ID(1:2,1) = 'PL' 
      THICKNESS(1:2) = 0.008 / 
 
&MATL ID                    = 'PL' 
      FYI                   = '' 
      SPECIFIC_HEAT         = 1.0 
      CONDUCTIVITY          = 0.05 
      DENSITY               = 40.0 
      N_REACTIONS           = 1 
      NU_FUEL               = 1. 
      REFERENCE_TEMPERATURE = 350. 
      HEAT_OF_REACTION      = 1500. 
      HEAT_OF_COMBUSTION    = 30000. / 
 
&MATL ID                    = 'FIR' 
      FYI                   = 'Properties from mod 8 comp' 
      SPECIFIC_HEAT         = 2.7 
      CONDUCTIVITY          = 0.11 
      DENSITY               = 420 / 
  
&SURF ID                    = 'WOOD'    
      MATL_ID               = 'FIR' 
      COLOR                 = 'BURLY WOOD' 
      THICKNESS             = 0.0125  
      HRRPUA                = 100        
      IGNITION_TEMPERATURE  = 260.       
      HEAT_OF_VAPORIZATION  = 1820./ 
 
&MATL ID            = 'YELLOW PINE' 
      FYI           = 'Holman, 7th ed.' 
      CONDUCTIVITY  = 0.147 
      SPECIFIC_HEAT = 2.8 
      DENSITY       = 640.  
 
 
&SURF ID        = 'PAPER' 
      MATL_ID   = 'YELLOW PINE' 
      COLOR     = 'BURLY WOOD 4' 
      THICKNESS = 0.01 / 
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Furniture mail room 
&OBST XB= 26.2, 29.0, 2.3, 3.4, 0.0, 1.0, SURF_ID='PAPER' /stack of paper 
&OBST XB= 21.2, 26.2, 4.50, 6.0, 0.40, 0.60, SURF_ID='WOOD' / Table 
&OBST XB= 28.8, 29.8, 7.1, 8.1, 0.00, 1.0, SURF_ID='PLASTIC' /trashcan1 
&OBST XB= 30.2, 34.0, 5.1, 6.1, 0.40, 1.00, SURF_ID='WOOD' / Table 
&OBST XB= 34.0, 34.8, 7.1, 13.5, 0.00, 3.30, SURF_ID='WOOD' /bookcase 
&OBST XB= 31.2, 33.2, 5.3, 5.9, 1.0, 1.05, SURF_ID='PAPER' / paper 
 
Furniture FIRE room 
&OBST XB= 35.2, 36.2, 5.1, 6.1, 0.00, 1.0, SURF_ID='PLASTIC' /trashcan1 
&OBST XB= 44.1, 46.1, 6.4, 12.0, 0.40, 1.00, SURF_ID='WOOD' / Table 
&OBST XB= 35.1, 44.9, 11.0, 12.0, 0.40, 1.00, SURF_ID='WOOD' / Table 
&OBST XB= 43.5, 44.9, 2.1, 11.0, 0.40, 1.00, SURF_ID='WOOD' / Table 
&OBST XB= 35.1, 43.5, 2.1, 2.9, 0.40, 1.00, SURF_ID='WOOD' / Table 
&OBST XB= 37.5, 38.6, 5.0, 8.0, 0.40, 1.00, SURF_ID='WOOD' / Table 
&OBST XB= 40.0, 41.1, 5.0, 8.0, 0.40, 1.00, SURF_ID='WOOD' / Table 
&OBST XB= 35.2, 35.25, 5.4, 11.4, 1.60, 2.60, SURF_ID='WOOD' / Wall lining 
&OBST XB= 44.9, 44.9, 2.4, 11.4, 1.60, 3.60, SURF_ID='WOOD' / Wall lining 
&OBST XB= 35.1, 43.5, 2.1, 2.9, 1.00, 1.02, SURF_ID='PAPER' / Table 
&OBST XB= 37.8, 38.4, 5.0, 8.0, 1.00, 1.02, SURF_ID='PAPER' / Table 
 
ALCOVE 
&OBST XB= 45.0, 47.0, 0.0, 0.1, 1.20, 2.0, SURF_ID='WOOD' /wall display 
&OBST XB= 35.0, 37.0, 0.0, 0.1, 1.20, 2.0, SURF_ID='WOOD' /wall display 
&OBST XB= 25.0, 27.0, 0.0, 0.1, 1.20, 2.0, SURF_ID='WOOD' /wall display 
&OBST XB= 15.0, 17.0, 0.0, 0.1, 1.20, 2.0, SURF_ID='WOOD' /wall display 
&OBST XB= 10.0, 47.0, 0.0, 0.1, 0.00, 0.8, SURF_ID='WOOD' /wall display 
&OBST XB= 13.3, 16.3, 6.1, 6.9, 0.00, 1.80, SURF_ID='WOOD' /bookcase 
&OBST XB= 18.6, 19.6, 5.8, 6.8, 0.00, 1.0, SURF_ID='PLASTIC' /trashcan2 
&OBST XB= 18.4, 19.6, 4.5, 5.6, 0.40, 0.60, SURF_ID='WOOD' / Table 
&OBST XB= 18.1, 19.6, 3.0, 4.0, 0.00, 0.40, SURF_ID='WOOD' / 
&OBST XB= 18.1, 19.6, 3.0, 4.0, 0.40, 0.60, SURF_ID='UPHOLSTERY' / Chair,  seat cushion 
&OBST XB= 18.10, 19.40, 4.0, 4.2, 0.00, 0.90, SURF_ID='UPHOLSTERY' / Chair right armrest 
&OBST XB= 18.10, 19.40, 2.8, 3.0, 0.00, 0.90, SURF_ID='UPHOLSTERY' / Chair left armerest 
&OBST XB= 19.40, 19.60, 2.8, 4.2, 0.60, 1.20, SURF_ID='UPHOLSTERY' / Chair, back cushion 
 
Fire 
&OBST XB= 36.20, 37.70, 2.10, 2.80, 1.00, 1.00, SURF_IDS='BURNER','INERT','INERT'  / Ignition table 
 
Walls 
&OBST XB=  0.0,  10.0, 2.0,  2.0, 0.0, 2.6, SURF_ID='WALL' / 
&OBST XB=  10.0,  10.0, 2.0,  12.0, 0.0, 4.2, SURF_ID='WALL' / 
&OBST XB=  10.0,  20.0, 7.0,  7.0, 0.0, 2.6, SURF_ID='WALL' / 
&OBST XB=  20.0,  20.0, 2.0,  12.0, 0.0, 4.2, SURF_ID='WALL' / 
&OBST XB=  20.0,  30.0, 2.0,  2.0, 0.0, 2.6, SURF_ID='WALL' / 
&OBST XB=  30.0,  30.0, 2.0,  5.0, 0.0, 2.6, SURF_ID='WALL' / 
&OBST XB=  30.0,  35.0, 5.0,  5.0, 0.0, 2.6, SURF_ID='WALL' / 
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&OBST XB=  35.0,  35.0, 2.0,  12.0, 0.0, 4.2, SURF_ID='WALL' / 
&OBST XB=  35.0,  50.0, 2.0,  2.0, 0.0, 2.6, SURF_ID='WALL' / 
&OBST XB=  47.0,  47.0, 0.0,  2.0, 0.0, 2.6, SURF_ID='WALL' / 
&OBST XB=  4.0,  4.0, 0.0,  2.0, 0.0, 2.6, SURF_ID='WALL' / 
 
 
 
 
&VENT XB= 0.20, 1.30, 2.0, 2.0, 0.00, 2.10, SURF_ID='OPEN' / door to exterior of domain 
&VENT XB= 50.0, 50.0, 0.5, 1.6, 0.0, 2.1, SURF_ID='OPEN' / door to exterior of domain 
  
&HOLE XB= 3.9, 4.1, 0.8, 1.9, 0.0, 2.1 / Open Door 
&HOLE XB= 10.4, 11.5, 6.9, 7.1, 0.0, 2.1 / Open Door 
&HOLE XB= 29.9, 30.1, 2.2, 3.3, 0.0, 2.1 / Open Door 
&HOLE XB= 31.0, 34.0, 4.9, 5.1, 1.0, 2.1 / Open window 
&HOLE XB= 34.9, 35.1, 2.2, 3.3, 0.0, 2.1 / Open Door 
&HOLE XB= 46.9, 47.1, 0.8, 1.9, 0.0, 2.1 / Open Door 
 
ceiling 
&OBST XB=  10.0,  45.0, 7.0,  7.0, 2.7, 4.2, SURF_ID='WALL' / 
&OBST XB=  10.0,  45.0, 0.0,  7.0, 2.7, 2.6, SURF_ID='WALL' / 
&OBST XB= 0.0,  50.0, 0.0,  2.0, 2.6, 2.6, SURF_ID='WALL' / 
 
Output 
&DUMP DT_DEVC=10., DT_HRR=10. / 
&PROP ID='Acme Heat', 
      QUANTITY='LINK TEMPERATURE', 
      RTI=132., 
      ACTIVATION_TEMPERATURE=57. / 
&DEVC XYZ=32.0, 2.0, 2.5, PROP_ID='Acme Heat', ID='HD FIRE_ROOMALCOVE' / 
&DEVC XYZ=14.0, 2.0, 2.5, PROP_ID='Acme Heat', ID='HD ALCOVE' / 
&DEVC XYZ= 6.5, 1.0, 2.5, PROP_ID='Acme Heat', ID='END OF COrridor' / 
 
&DEVC XYZ=40.0,10.0,3.8, QUANTITY='THERMOCOUPLE', ID='FIRE_ROOM top door' / 
&DEVC XYZ=40.0,10.0,1.2, QUANTITY='THERMOCOUPLE', ID='FIRE_ROOM LOW door' / 
&DEVC XYZ=40.0,10.0,2.5, QUANTITY='THERMOCOUPLE', ID='FIRE_ROOM mid door' / 
&DEVC XYZ=36.0,3.0,2.5, QUANTITY='THERMOCOUPLE', ID='FIRE_ROOM TOP' / 
&DEVC XYZ=36.0,3.0,2.4, QUANTITY='THERMOCOUPLE', ID='FIRE_ROOM MID' / 
&DEVC XYZ=36.0,3.0,1.8, QUANTITY='THERMOCOUPLE', ID='FIRE_ROOM LOW' / 
&DEVC XYZ=30.0,1.0,2.5, QUANTITY='THERMOCOUPLE', ID='corridor TOP' / 
&DEVC XYZ=30.0,1.0,1.4, QUANTITY='THERMOCOUPLE', ID='corridor MID' / 
 
&DEVC XYZ=10.0,1.0,2.5, QUANTITY='THERMOCOUPLE', ID='corridor TOP1' / 
&DEVC XYZ=10.0,1.0,1.4, QUANTITY='THERMOCOUPLE', ID='corridor MID1' / 
 
Smoke 
 
&DEVC XYZ= 38.0, 3.5, 1.8, ID='OD_FIRE room', QUANTITY='OPTICAL DENSITY'/ 
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&DEVC XYZ= 13.0, 2.5, 1.8, ID='OD_NONFIRE_ALCOVE', QUANTITY='OPTICAL DENSITY'/ 
&DEVC XYZ= 6.0, 1.0, 1.8, ID='OD END_OF_CORRIDOR', QUANTITY='OPTICAL DENSITY'/ 
 
&DEVC XB=40.0,40.2,8.0,9.0,0.0,4.2, QUANTITY='LAYER HEIGHT', ID='SMOKE_FIREroom' /  
&DEVC XB=34.1,34.2,1.2,2.5,0.0,2.7, QUANTITY='LAYER HEIGHT', ID='SMOKE_by door' / 
&DEVC XB=6.1,6.1,1.1,1.5,0.0,2.7, QUANTITY='LAYER HEIGHT', ID='SMOKE_by door' / 
 
&DEVC ID='wet CO corridor', XYZ=6.0,1.0,1.2, QUANTITY='VOLUME FRACTION', SPEC_ID='carbon 
monoxide' / 
&DEVC ID='wet CO fire room', XYZ=42.0,8.5,1.2, QUANTITY='VOLUME FRACTION', SPEC_ID='carbon 
monoxide' / 
 
&DEVC ID='dry CO corridor', XYZ=6.0,1.0,1.3, QUANTITY='VOLUME FRACTION', SPEC_ID='carbon 
monoxide', DRY=.TRUE. / 
&DEVC ID='dry CO fire room', XYZ=42.0,8.5,1.3, QUANTITY='VOLUME FRACTION', SPEC_ID='carbon 
monoxide', DRY=.TRUE. / 
 
&SLCF PBZ=1.5, QUANTITY='VOLUME FRACTION', SPEC_ID='SOOT' / mol per 
mol 
&SLCF PBZ=1.5, QUANTITY='DENSITY', SPEC_ID='SOOT' / mg per m3 
&SLCF PBZ=1.5, QUANTITY='EXTINCTION COEFFICIENT' / K, m^-1 
&SLCF PBZ=1.5, QUANTITY='VISIBILITY' / S = C/K, m  
 
&DEVC ID='PointCO0 corridor ', QUANTITY='carbon monoxide', XYZ=6.0,1.0,1.8/  
&DEVC ID='PointCO0 fire room ', QUANTITY='carbon monoxide', XYZ=38.0,10.5,1.8/ 
 
&SPEC ID='MY SMOKE', 
MW=29., 
MASS_EXTINCTION_COEFFICIENT     =8700./  
 
&SLCF PBX=2.65, QUANTITY='VISIBILITY', SPEC_ID='MY SMOKE' / 
&SLCF PBX=34, QUANTITY='VISIBILITY', SPEC_ID='MY SMOKE' / 
&SLCF PBY=1.0, QUANTITY='VISIBILITY', SPEC_ID='MY SMOKE' / 
 
&DEVC XYZ= 34.0, 1.5, 1.8, QUANTITY='VISIBILITY', SPEC_ID='MY SMOKE', ID='vis corridor' / 
&DEVC XYZ= 6.0, 1.0, 1.8, QUANTITY='VISIBILITY', SPEC_ID='MY SMOKE', ID='vis end of corridor' / 
 
&PROP ID='Smoke Detector', QUANTITY='CHAMBER OBSCURATION',LENGTH=1.8, 
ACTIVATION_OBSCURATION = 4.9 / 
 
&DEVC ID='SD_FIRE_ROOM', XYZ= 38.0, 3.5, 2.6, PROP_ID='Smoke Detector' / 
&DEVC ID='SD_FIRE ALCOVE', XYZ= 14.0, 2.0, 2.5, PROP_ID='Smoke Detector' / 
&DEVC ID='SD END_OF_CORRIDOR', XYZ= 6.5, 1.0, 2.5, PROP_ID='Smoke Detector' / 
 
&BNDF QUANTITY='WALL TEMPERATURE'/ 
&BNDF QUANTITY='GAUGE HEAT FLUX'/ 
 
&SLCF PBX= 38.0, VECTOR=.TRUE., QUANTITY='TEMPERATURE'/ 
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&SLCF PBX= 32.0, VECTOR=.TRUE., QUANTITY='TEMPERATURE'/ 
&SLCF PBY= 1.0, VECTOR=.TRUE., QUANTITY='TEMPERATURE'/ 
&SLCF PBY=9.0, VECTOR=.TRUE., QUANTITY='TEMPERATURE'/ 
 
&SLCF QUANTITY='carbon monoxide', PBZ=1.00/ 
&SLCF QUANTITY='carbon monoxide', PBZ=1.80/ 
&SLCF QUANTITY='extinction coefficient', PBZ=1.80/ 
&SLCF QUANTITY='soot', PBZ=1.80/ 
&SLCF QUANTITY='soot density', PBZ=1.80/ 
&SLCF QUANTITY='soot volume fraction', PBZ=1.80/ 
&TAIL / 
